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I. INTRODUCTION 


The design and ccnstruction of software for a modern 
information system iS a rigorous process which can be 
described in a life cycle which consists of the foilowing 
steps; 

1. Feasibility - Tefining the basic approach and general 
score of a software project, with particular enphasis 
on determining the practicality of such a prcject 
over its entire life span. 

2. Requirements - Specifying the required functions, 
interfaces and actual performance of the software 
system, including operational constraints. 

3. Design - Defining data flow, algorithms, data repre- 
sentations and control structures. Identifying and 
Specifying modules. Usually entails at least two 
jterations of refinement. 

4. Coding - Translating the design into a programming 
language. Includes testing of individual components. 

5. Integration - Individual system components are inte- 
grated into the final system configuration. 

6. Implementation - Instaliation of the software prcduct 
with the host hardware system, to include testing. 

7. %Maintenance - All subsequent alterations, modifica- 
tions and imprcvements made to the complete systen. 

This work is an attempt to define a logical software 
design, based on general system requirements, which can be 
"fine-tuned" by rigorous specification and ultimately used 
as the foundation for the physical implementation of a deci- 
Sion suffrort system (CSS). As such, it does not strictly 
follow the prescribed conventional software development 


process. It is, rather, a hybrid approach at addressing 


several of the traditional phases of the life cycle: feasi- 
kility, cequirements and (logical) design. It is purposely 
of such a general nature in order to facilitate specitic 
system requirements and ultimate performance of the entire 
software development life cycle. 

One of the underlying design principles upon which this 
effort is based is that of software generality. An auto- 
mated system to forecast telecommunications technology, 
prices and costs should be designed in such a manner as to 
allow for maximum utility within the proposed scope of 
application. This particular DSS logical design enables the 
NCS manager to model a wide variety of technology, price and 
cost Situations without the associated overhead imposed by 
multiple application-specific systems. 

The Manager of the National Communications System (NCS) 
has been tasked by the National Security Telecommunications 
Policy of 3 August 1983 with implementing this policy under 
the direction and with the consultation of the Pclicy 
Steering Group. AS part of this task, the Manager must; 

1. Ensure the development, in conjunction with the NCS 
operating agencies, of plans to fulfill the princi- 
fles and Objectives stated in this directive, 
including an overall telecommunications architecture 
and timetable. 

2. Develop, for review by the Steering Group, overall 
budget profiles regarding approved initiatives and 
related activities. 

3. Prepare annually, or as otherwise directed, a written 
report to the Steering Group on the procress of 
approved initiatives, including an assessment of the 
resources that will be reguired to attain the objec- 
tives of this directive [Ref. 1]. 

For a manager to make effective decisions ard to prepare 


effective and timely flans, a certain amount and guality of 
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information has to ke available. Martino [Ref. 2] states, 
"One of the best-kept secrets of the planning profession is 
that planning has nothing to do with actions to be taken in 
the future. Instead, planning deals with actions to be 
taken in the present." 

The information required for planning into the future 
partly ccnsists of estimates as to what the future hclds. 
The NCS must have estimates of what technologies will be 
available at a later time and what the cost and ferice of 
that technology will ke. A decision support system system 
which utilizes forecasting technigues and models can be used 
to derive accurate estimates and aid NCS managers in making 
decisions based upon these estimates. Forecasts of tech- 
nology are useful because a technological change can; 

1. Frovide new methods of achieving objectives. 

2. Render certain means of achieving objectives obso- 
lete. 

3. Render certain objectives obsolete. 

The necessity to track technology growth is particularly 
important once it has been identified as a needed tech- 
nology. Isenson [Ref. 3] found through his investigations of 
Project Hindsight that a real need results in accelerated 
technclogical growth. The greater the rate of the growth of 
a technology, the more it can influence previously made 
plans. 


This paper will develop a decision support system _ to 


forecast technology, prices, and costs for use by the 
National Communications System. The next chapter is an 
overview of the NCS. Chapter III introduces the concert of 


forecasting and forecasting models, with a discussion on how 
they tay effectively Fe utilized by a government agency such 
as the NCS. The actual logical design for the decision 
Support system will then be developed and the methods 


utilized in its design are discussed. The conclusions will 


en 


describe why the particular forecasting models iaplemented 
in the DSS were selected and also dist ss possible strat- 


egies for implementation of the DSS. 
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II. THE NATIONAL COMMUNICATIONS SYSTEM 


Aw. OVERVIEW 


The National Communications System was formed cr 21 
August 1663 as a result of a recommendation by the National 
Security Council that the Executive Office move to identify 
and coordinate the communications needs of the Federal 
Government. Originally envisioned as a means to integrate 
the many systems fcund throughout the government, the 
general mission of the NCS continues to be to’ ensure the 
surviveability of communications during and subseguent to 
any naticnal emergency. In order to accomplish this mission 
the NCS iS organized not as a homogenous, separate entity; 
rather, it 1S an arrangement of heterogeneous teleccmmunica- 
tions systems which are provided by their sponsor Federal 
agencies. In its early years of existence the NCS was 
comprised mostly of General Services Administration (GSA) 
and Department of Defense (DOD) assets. Today, however, 
virtually every major Federal agency iS a participating 
member otf the NCS. 

The physical components of Federal telecommunications 
systems and networks included under the NCS may be described 
as the fcllowing: 

1. Automatic telefhone route control switching facili- 
ties and associated first level user switching facil- 
ities. 

2. Telephone and digital data switching facilities and 
primary common user communications centers. 

3. Special purpose local delivery message switching and 


exchange facilities. 


ie 


4. Fixed route government owned or leased transmission 
facilities under exclusive control of a government 
agency. 

5. Government owned or leased radio systems. 

6. Technical control facilities which are under exclu- 
Sive control of a government agency. 

7. Other services provided by acommon or specialized 
Carrier on a continuing baSis, via commercial facili- 
ties not designated for exclusive government use. 
These services, like exclusive use services, will 
still be assigned an appropriate restoration priority 
in the event cf national emergency or other disrup- 
tion of the service. [Ref. 4] 

Most NCS operating component systems are long-haul, 
trunk, point-to-point systems. They are planned, operated 
and funded by their sponsor agencies to fulfill a specific 
peacetime need. The current NCS management doctrine is to 
provide joint central planning, standardization and progran- 
ming. The long range goal is to ensure progressive, systen- 
atic improvements existing systems in order to allow 
efficient and effective transition from peacetime to emer- 


gency conditions. 


Be. NCS FOLICY 


As the number of NCS operating components has grcwn over 
the years, so also have the organizational resSponsibiiities 
and system complexities. In order to clarify and define the 
NCS goals and objectives, the National Security Council 
(NSC) established in io the National Security 
Telecommunications Policy. This policy directed the NCS to 
ensure telecommunicaticns assets provide for: 

1. Emergency communications between the National Command 
Authority and appropriate forces to support retalia- 


tory action in the event of enemy nuclear attack. 


14 


2. Military operational communications for both general 
and nuclear ccnflicts. 

3. Communications in support of military mobilizaticn. 

4. Ccmmunications to ensure government continuity in the 
event of nuclear or natural disaster, and reccvery 
from the same. [Ref. 5} 

In August 1983 the national telecommunications policy 
was further defined. The new policy addresses the vulner- 
ability of existing NCS systems to nuclear attack and 
directs enhancements and improvements (i.e., Switches and 
control centers) be physically located away from likely 
nuclear target areas and, whenever feasible, existing system 
components be hardened. [Ref. 1] 

Actual policy guidance for the NCS in the areas of tele- 
communications planning and development is fragmented and 
originates from multiple sources at the Executive Office 
level. For example, the Office of Science and Technology 
Policy (CSTP) is tasked with the responsibility for the 
collection, recording and evaluation of existing teleconnu- 
nications facilities and the development of profile infornma- 
tion detailing the residual capabilities of these systems 
and networks under various extraordinary conditions, 
including nuclear and other national emergencies [ Ref. 6]. 


Such infcrmation is used by the NCS in the conduct of resto- 


ration and allocaticn activities, resources evaluaticn, 
damage assessment, requirements evaluation, anid iPr VOr It y 
determination. The OSTP facilities status evaluation 


provides the NCS raw data pertaining to system gross opera- 
tional capabilities in terms of (1) link/trunk capability, 
(2) call demand/acceptance capability of voice switching 
systems, (3) message processing capability of record traffic 
Switching systems, (4) user/subscriber access capabiiity of 
voice and record switching systems, and (5) residual major 


system access concentraters. Thais data can and should be 


15 


utilized by the NCS to ensure Federal telecommunicaticns 
systems, derived from common carrier networks, are interccn- 
nected and capable of interoperation to the maximum extent 


possible. 


C. PROCUREMENT OF SERVICES 


More than 95% of the communication services utilized by 
the Federal government and itS agencies within the conti- 
hental United States are provided by common user systems 
leased from and operated by the major common and specialized 
commercial carriers (the vast majority are leased from AT&T 
Long Lines and associated Bell operating or interconnect 
companies) [Ref. 7}. "Common" user systems means that the 
physical facilities from which the government services are 
derived are usually also common to public message services 
with provisions made to segregate the two services. Close 
and continual coordination between the NCS and the private 
sector telecommunications industry is facilitated by the 
Federal Communications Commission (FCC) and the National 
Industry Advisory Committee (NIAC). During wartime or other 
National emergency tte authority to requisition and contract 
for supplies and equifrment, and to restore, expand, repair 
and construct telecommunications systems is delegated to the 
PCC. However, the NCS retains overall responsibility for 
integrating all government communications. In order to 


perform its emergency functions, the FCC relies heavily upon 


the NCS Telecommunications Emergency Management System 
(NTEMS) . 
Peacetime procurement responsibility is centralized 


also, but divided kétween GSA for civil agencies and the 
Defense Ccmmunicaticns Agency (DCA) for DOD systens. 
Certain civil agencies and components have been authcrized 


independent authority to procure directly from common and 
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specialized carriers where it has been determined to be more 
convenient for the government. Such exceptions to the rule 
are rare, however, primarily due to the paramount necessity 
to ensure mutual support and interoperability among the 


various systems. 
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IIIT. USE OF FCRECASTING MODELS IN GOVERNMENT 


A. CCNHCEPTS 


The general concept of cost and price projecticn is an 
integral issue associated with the acquisition of major 
systems, commercial products and industrial services by 
agencies of the federal government. This concept normally 
is addressed during the rigorous process known as economic 
analysis, the outccme of which 1S a major factor either in 
the selection of a choice between two or more alternatives, 
or in assessing the economic consequences of a choice 
already made between alternatives. Unfortunately, the 
literature pertaining to economic analysis includes rather 
generalized and imprecise guidance for the conduct of cost/ 
price estimation, key elements of the process. In practice, 
costing and pricing within the federal government varies 
widely from agency to agency, and even within agencies there 
may be variety, dependent upon the type of product or 
service keing acquired [Ref. 8]. The use of technology, 
price and cost forecasting models is one method available to 
complement and enhance an agency's established emplcyment of 
economic analysis and estimation in the acquisition life 
cycle. 

Regardless of the scope of the project or progran 
involved, the acquisition process can be viewed as a lcgical 
progression of iterative reviews, determinations and evalua- 
tions to reconcile periodic adjustments to program okjec- 
tives and requirements or resource availability. Thas 
process overlaps the traditional functions of planning, 
budgeting, contracting and contract administration, each of 


which can be examined as an area of specialization. 
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Historically, federal departments and agencies have utilized 
separate estimation and analysis units within each stage of 
the acquisition process. In addition, each unit has tended 
to utilize a unique costing and pricing techniyue for each 
of the functional specialties. Furthermore, as each esti- 
Mate and analysis is forwarded through the organizational 
hierarchy, PolaGcy reviews and revisions take flace. 
Although some agencies utilize a centralized cost/price 
estimation and analysis activity, they are the exception to 
the rule. The normal process entails redundancy of effort 
and, allto often, results in poor cost and price infcrnma- 
anon . Certainly it is given that the adeguacy of data isa 
Major factor in the quality of cost and price estimates and 
analyses, but the importance of the overall methodology 
utilized must not be discounted. This is the case farticu- 
larly for estimates and analyses involving new technology 
and major systems. 

The traditional acguisition costing/pricing process can 
be significantly enhanced by use of forecasting technigues 
and methods. Forecasting is a process whose objective is to 
predict future events or conditions under an assumed set of 
circumstances. The most common applications of forecasting 
involve the use of estimating models to predict quantitative 
values of certain variables outside the sample of data actu- 
ally cbserved. In the case of cost and price forecasts, 
these values would mcst likely assume a probability distri- 
bution rather than a foint forecast. Technology forecasting 
looks more toward the time period by which certain paramne- 
ters of a given technology will be achieved. An example of 
this would be to forecast the year in which 90% of telecon- 
munications common carriers will be using digital voice 
circuits rather than analog circuits. 

The forecasting frocess, like the product or service for 


which the forecast is made, can be described in terms of a 


ie 


litepcycie, The srcrecaster begins the process by identi- 
fying facts and other data about past trends and previous 
forecasts relating to the problem under consideration. 
Particular attention 1s given to determining the cause of 
variances between previous forecasts and actual systen 
behavior. The forecaster must next determine and organize 
future parameters of the decision problem. A suitable model 
which describes the problem space is then constructed, along 
with a method and measure of accuracy and reliability. 
During the course of the project, periodic samples are taken 
to compare the forecast with actual behavior, documenting 
variances as they occur. Finally, the forecast is revised 
as necessary. [Ref. 2] 

A forecast is only aS accurate as its model, and a model 
is only as accurate as its data sources. Moreover, the 
model used representS a compromise between reality and 
manageability. It must identify essential factors while 
disregarding non-critical ones. A good model specifies 
interrelationships among parts of the system such that it is 
reasonably detailed and explicit to ensure the model 
adequately describes the real-world systen. However, it 
must also specify them in such a way that it is understand- 
able so that proper analysis and conclusions regarding the 


real-world system can be made. 


Be. PRICE/COST FORECASTING MODELS 


This work 1S not an attempt to survey the entire field 
of available forecasting models. The focus will cLe on the 
most common type of parametric model, the algebraic mnedel, 
which is particularly well suited to the NCS application 
Lecause of the ease with which it may be expanded and modi- 
fved.: The algebraic model typically consists of several 


equations, each with a separate meaning and role. The model 
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determines values of certair endogenous’ variables, the 
jointly dependent variables which are simultaneously solved 
ry the relations of the model. Independent exogenous vari- 
ables are determined outside the system but influence it by 
affecting the values of the endogenous variables. They 
affect the system but are not in turn affected by it. An 
econometric model is an algebraic model that typically 
includes one or more random variables (disturbance terms) 
and represents a system by a set of stochastic relaticns 
among the variables cf the systen. Such a model generally 
specifies the probability distribution of each endogenous 
variakrle, given the values taken by all exogenous variables 
and given the values of all parameters of the model. 
[Ref. 9] 

A cost model is used to predict the anticipated costs 
likely to be incurred in a project. Like other models, when 
a cost model equation or system of equations is derived from 
statistical analysis cf a sample of past projects, an asso- 
Ciated factor is a degree of imprecision or uncertainty. 
The validity of the rodel is a function of how widely the 
data are Scattered around the prediction line or curve, 
Cost models must generally be individually structured to 
best meet the purpose for which they are intended (Table 1). 
If the forecast is meant to aid in the choice between alter- 
natives, the differential life cycle cost model would be 
usec. Such a model would compare the differential costs 
associated with the alternative systems. Detailed compar- 
ison between the alternatives would be provided by summing 
the differential costs identified with the applicakle cost 
elements chosen. Conversely, a cost model based upcen total 
life cycle cost would concentrate on applicable cost 
elements over the projected life expectancy of a particular 
equipment or systen. The model builder would identify the 


cost categories and associated cost elements to be utilized 
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TABLE 1 
Life Cycle Cost Models 


Total Life Cycle Cost Model 


time cf a systen. 


een two Similar cost 


ce sate gi Cl RR ay 


Associates all applicable cost elements over the life- | 
ti 


aS model parameters. Table 2 is an explanation of the 


conventional majcr ccst categories. 


C. TECHNOLOGY FORECASTING MODELS 


Technology forecasting models are Similar to price/cost 
models in that the primary determinant of the quality of the 
forecast 1S in the variables which are brought into the 
model and how they are weighted in relation to one another. 
Once this has been accompiished, different techniques can be 
utilized to Fit a curve to the historic data in order to 
Froject the value of the technology parameter at a future 
time. The model is highly dependent upon the core assump- 
tions made about the environment which is being forecast. 
In particular is the assumption regarding the existence of 
upper limits (or lower limits in the case of time reduc- 
tions) on the capabilities of the technology being modeled. 
An example of an upper limit assumption would be the speed 
of light for spacecraft velocities. Other than extrafo- 
dating trends into the future by curve fitting, technology 
forecasting can sample the amount of literature circulating 


in an area of technolcgy. By mcnitoring the growth (or lack 


ee 


| 
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TABLE 2 
Major Cost Categories 


: with the research, development, 
test and evaluaticn of the equipment/system. Normally 
these costs are incurred _during concept initiation, 
validation and full scale development. 


All costs associa 


(OnGt ct 


All ccsts incurred one time beyond the program devel- 
PRRCue phase and during the program production phase. 
These costs can occur if there is a chanye in deSign, 
contractor or manufacturing process. 


ZL 
All froduction ccsts recur with each unit 


procuced. 


All costs associated with, personnel, material, facili- 
ties and other costs required to operate, maintain and 
Fupport an egquipment/system during its useful life- 

ime. 
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of growth) in an area, it can be estimated that the 
increased ccmmunications among researchers will result in an 
exponential growth cf knowiedge, likely to result in a 
breakthrough or an advancement of the technology teing 
studied. This area of forecasting can be directly influ- 
enced by infusion of government resources into research 
fRef. 3]. If a certain level of a parameter of a technology 
is desired by a certain date, the amount of research and 
develcpment necessary now can be estimated. The recent 
Presidential initiative regarding the so-called "Star Wars" 


technology is an example of this technique. 
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D. SUMMARY 


Althcugh forecasting models are well suited for adapta- 
tion to automated systems, they are not without their poten- 
tial problems. Depending upon the real-world project and 
model application, fcrecasters may find a limited number of 
relevant statistical procedures available. Once 
constructed, models may quickly become obsolete by the rapid 
growth of the technology being forecast. Hence, effcrt must 
be directed toward a method for adapting the model for tech- 
nological advance even during periods of rapid growth. The 
forecaster may be ccnfronted with the mathematical problen 
of solving k equations inn unknowns (kK < n). A host of 
problems involving accuracy of the model may be caused by 
omissicn of a relevant exogenous variable, disregarding a 
qualitative change in one of the variables, inclusion of an 
irrelevant variable, incorrect definition of a variable, and 
in the case of econcmetric models, incorrect specification 
of the Ganner in which the stochastic disturbance term 
enters the eguation. 

The effects of divestiture and deregulation of the tele- 
communications industry are major contributing reasons for 
the National Communications System to consider use of fore- 
casting techniques. As the NCS continues to grow in size, 
scope and complexity cf participating systems (for example, 
the ccnversion from analog to digital voice circuits), even 
more powerful tools wili be reguired to exert effective 
managerial control over further development. Accordingly, 
the objective of forecasting technology, cost and price is 
not to provide a managerial decision, but to derive further 
inputs to the managerial decision-making process. Numerous 
potential applications exist within the traditional 
Planning, Programming and Budgeting System (PPBS) and acqui- 


Sitionveyeres. For example, it can be used in 1ieu of 
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conventional cost-estimating during the cost/benefit anal- 
ysis (concept develofgment of the acquisition cycle). It can 
be used to evaluate alternatives during strategic planning. 
fis can be utilized during periodic revisions of the 
Five-Year Defense Plan (FYDP), or Similar intermediate-term 
plan for GSA-procured systems. As a general rule, an auto- 
mated forecasting system would be ideal for use whenever 
traditional economic/technological analysis is too elabo- 
rate, too time-consuming and/or too expensive for the scope 


of the particular protlem or project at hand. 
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IV. PRELIMINARY DATA DICTIONARY DESIGN 

In order to develop a database for a decision sufport 
system it iS necessary to look at the overall requirements 
for deSigning such a system with special emphasis’ on the 
data which will be utilized. The DSS architecture presented 
by Dolk [Ref. 10] consists of four major components: (1) 
dialog, (2) model base, (3) knowledge base, and (4) data- 
base. The dialog is the primary driver of the systen. it 
is the interface with the user; therefore, the dialog is 
dependent upon what outputs the decision-maker wants from 
the DSS and what inputs can be to provided to get that 
output. The model base will provide the basic algorithms of 
the system models as well as the vaiue abstractions of the 
coefficients for the variables to be utilized by the model 
algorithms. The knowledge base contains a set of heuristics 
which determine what type model or combination of models 
will ke processed fcr a given circumstance provided by the 
user. The database will contain the structure and values of 
all data in the DSS which is subject to modification and/or 
addition by the user without modifying the program itself. 
The data utilized by the dialog, model base, and knowledge 
base determine what will be in the database, and will there- 


fore te examined briefly in turn. 


A. DIALCG 


The "rule of thumb" in DSS deSign (or in any systems 
analysis for that matter) is to first determine what will be 
the outputs and inputs to the system. Because all interface 
with the user 1s thrcugh the dialog, this iS paramount to 


determining what the dialog is to be. The prime guestion to 
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be asked is, "What does the user need in a forecast of tech- 
nology?" The answer to that question for the purfoses of 
this DSS is that the decision-maker wants the DSS to provide 
a presentation of trends for a given parameter in an area of 
a technology, given a set of assumptions and optionally 
given a set of parameters from other areas which may impact 
upon the technology, including the degree to which they do 
SO. 
The following are outputs required from the dialog: 

1. A list of the assumptions used in generating the 
ferecast. 

2. The type of model(s) being utilized. 

3. A graphical presentation of historical data versus 
time extrapolated by one of the models to get an 
indication of a trend, whether increasing, decreasing 
or steady and which includes the scale used, whether 
linear or logarithmic. 

4G. The source of the data on the grapk and its tyfe, 
whether subjective, objective or estimate. 

5. A comparison of this forecast with previous’ fore- 
casts. 

6. Which parameters of the model are exogenous of 
endogenous and of these, which can be influenced by 
the decision-maker. 

The following inputs to the dialog are reguired: 

1. An ability to create data with these characteristics: 
identifiers for name, type of factor it is, source of 
the data, date of the data entry and date of the data 
okservation. 

2. An ability to alter assumptions and parameters in 
‘order to observe any changes in the output. This can 
include a means for indicating the stochastic nature 
of some of the variables. For example, in a price/ 


cost model the expected future interest rates of 


Qe} 


treasury bonds may be estimated as a triangular 
distribution cf the interest rate around a most 
likely value for the interest rate, bounded Ey an 
estimated high value and low value which can then be 
iterated through the model as a Monte Carlo simula- 
t 1On 

3. An ability to create different model eguations for 
input into the model algorithm. 

G. An ability to override the knowledge base and select 


a specific modej@to rune 


B. MCDEL BASE 


This DSS utilizes two primary models. The first of these 
is a curve fitting model which regresses a straight lire on 
the plots of five different functions of the factor or 
aggregate model score to forecast. These functions area 
Pearl crowth function, a Gompertz growth function, a func- 
tion in which the natural logarithm of the dependent vari- 
able is taken, and a function in which the natural logarithm 
of the dependent variable and the natural logarithm of the 
independent variable are calculated. The regression which 
has the highest correlation factor is selected for use in 
extrapolating into the future. This method of forecasting 
has keen selected due to its simplicity and intuitive under- 
standing of the process by a manager. The second model in 
the DSS is a simple cross impact analysis model developed by 
Julius Kane [Ref. 2]. 


1. Scoring Model 


A scoring model will take different factors named by 
the decision-maker and combine them to determine an aggre- 
gate score (hence the name scoring model). This is accon- 


plished through queries directed at the user to determine 
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the relationships amcng the factors. Atv factors which are 
essentially the same are eliminated so that only one factor 
will represent that area in the model. Next the factors are 
grouped to determine whether they are additive or multipli- 
cative, either of the entire model, or of groups, and so on. 
Care must ke taken in choice of multiplicative factors, for 
if the value of the factor is zero, then all of the factors 
which it multiplies are then zero. Weights are now assigned 
by the user to the different groups or individual factors. 
Desirable and undesirable factors and groups are separated 
with the desired factcrs being in the numerator and unfavo- 
rable factors being placed in the denominator. This is the 
Easic model equation and can be stored as such. 

The user must identify whether the data 1s sukjec- 
tive or objective. If subjective, the user will utilize a 
Standard scale of zero to nine in selecting the value for 
the factcr, while objective data will be examined and the 
mean and standard deviation fcr each factor's data being 
calculated. The mean of the data can then be assigned a 
value of the user's choice, and the other values determined 
as fractions of the standard deviation to range from a low 
to a high value also cf the decision-maker's choice. 

This type of model 1s useful in comparing different 
technologies which perform similar missions. An example 
drawn from telecommunications technology is a comparison of 
satellite communications versus landlines versus microwave 
links. For determiring the relative vulnerability of each 
to disaster or nuclear attack, a subjective factor can be 
utilized, while cost of maintenance or installation will be 


an objective factor. 
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These two curves are discussed jointly because they 


are essentially the same functions, differing mainly in the 
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underlying assumptions. Both curves are "“S" shaped and ame 
extrapolated by first straightening out the curve as plctted 
by the factor data. This 1S accomplished by taking the 
logarithm of the curve, once for the Pearl curve, twice for 
the Gompertz curve. The data thus transformed has a 
straight line regressed on it to obtain the values for the 
curve functions. The equation? for the Pearl curve 
(Equa tron 4.71) and its algebraic transformation (Equation 
4.2) utilize ln a as the constant and bas the slope yD 
taken to be positive. Lis the assumed limitation of the 


technology and t 1S time while y is the value of the factor 


Y= L/ (1 4 age eee (4.1) 
Y= (Ll. =-y)/y¥"= 2 oer ee (422) 
under consideration. The Gompertz curve equation (Equation 


4.3) and its algebraic transformation (Equation 4.4) utilize 


In b as the constant andk as’ the slope. The other two 
you Lo (e8* (=> @ eo See oe (4.3) 
Y = in ( In {L7y)), = 1h DoS ieee (4.4) 


variakles are the same as before. 

The different assumptions underlying the choice of 
these twc curves is in the dynamics of the technology keing 
forecast. Tf the previous progress in implementation or 
development of a technology will influence the rate of the 


progress of the technology, then a Pearl curve should be 


1The following translations describe notations which may 
be unfamiliar to the reader: 
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used. However if the determining factor is how much remains 
to be accomplished before the assumed limit to growth of the 
technology is reached, then the Gompertz curve should be 
utilized. 

An example of the use of the Pearl curve is a fore- 
cast of the number cf households which have access to a 
broadband communicaticns media. Tne factor in this instance 
is the number of homes with cable television installed. fThe 
maximug limit ('L") is that 100% of households which have 
televisicns have cakle installations. A pearl curve is 
appropriate because the technology is driven by the degree 
of acceptance with which it is received by the public. 

A forecast of the percentage of common carrier local 
distribution systems which will have optical fiber as the 
transmission media can be modeled by a Gompertz curve. The 
limit in this example is for 100% of existing local distri- 
bution systems to have been replaced by optical fiber 
systems. Since this substitution is influenced more by the 
number of systems remaining to be upgraded rather than by 
the number of systems which have already been implemented, a 


Gompertz curve is the correct growth curve for the forecast. 


3. Cross Impact Analysis 


This is a simple model which takes a factor in an 
area cf a technology and determines the next value it will 
have as a result of the impact of other factors, both exoge- 
hous and endogenous. The model is simple in that only the 
impact of a Single variable upon another variable is deter- 
Mined at a time, not all variables at once. The inputs by 
the decision-maker are purely subjective evaluations of what 
the impacts of certain chosen variables are upon the factor 
being evaluated, plus the original value of this factor 
(subjectively scaled from zero to one in increments of 


S2001). The use of such a model is for a decision-maker to 


31 


get an idea of the results of varying the impacts of other 
factors supon a factor. Therefore, it is necessary for the 
impacting factors to be defined as either endogenous or 
exogenous variables so that the decision-maker will know 
which variables are akle to be influenced. An example of an 


application of this model is found in Chapter VI. 


C. KNOWLEDGE BASE 


The knowledge base of this particular DSS does not have 
anything stored in the database. The rules for determining 
which wodels to cun are within the algorithms of the program 
itself. The only impact upon the data dictionary is in the 
identification of objects passed by the dialog to the knowl- 
edge base. This would consist of determining whether a 
reguest for a model run is for more than one specific area 
of a technology, which would activate a scoring model to 
arrive at a conglomerate representation of the overall tech- 
nology, or in determining whether a Pearl or Gompertz curve 
is to be utilized in extrapolation of the data. The cross 
impact model will cre invoked when the user specificaliy 


directs that it be run. 


De. DEVELOPMENT OF THE DATA DICTIONARY 


The technigue to ke utilized in the development of this 
DSS is drawn from the works of Yourdon [Ref. 11] and DeMarco 
[Ref. 12]. Their methods of structured analysis and design 
result in a logical flow toward a complete software design 
without the large amounts of paper normally associated with 
a software design preject. The less documentation which has 
to be changed in later design revisions of the DSS, the 
greater the possibility that the documentation will be 
updated to reflect changes made to the actuai software. The 


essential elements of the DeMarco and Yourdon methods are 
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the development of a data flow, a data dictionary, and the 
process descriptions. In order to develop the data flow, 
the ccmpoSition of the data inputs and outputs to the systen 
have to re described in the data dictionary. The data flow 
will only show the flow of the data objects through the 
system, while the precess descriptions provide information 
about the content and processing of the data. 

The data objects are described in the data dictionary 
primarily through the use of the three types of relations 
presented by Bohm and Jacopini [{Ref. 13]. These are 
sequence, selection and iteration. Sequence is a concatena- 


tion of two or more data objects and/or data elements 


together. Selection 1S a choice between two or more data 
items. Iteration is the repetition of a data object, or 
group of data objects, zero or more times. imac. On to 


these relations, an optional relation is added so that it is 
possikle to indicate if a data object may or may not be part 
of a larger data object. FOEMENLS Gdied dictionary a data 
element is considered to be data which is not further broken 
down into other data elements. The level to which a data 
element is broken dcwn is left to the user and the data 
dictionary designer. A data object may be broken down into 
component data objects and/or data elements. Table 3 
explains the notation utilized in this data dictionary. 

The data dictionary for the DSS is developed by 
analyzing the descrirtions of the dialog, model base and 
knowledge base in the previous sections. This will result 
in an initial look at how data objects may flow through the 
systen. Because this is the initial version of the data 
dictionary it is inevitable that the data objects will 
change, be added, or ke dropped if it appears during further 
design of the system that they will not be utilized by the 
system. Usually a data flow technigue is utilized in 


analyzing an existing system in order to automate it. This 
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TABLE 3 


Data Dictionary Notation 


Notation X Consists Of | 

XxX =a +t b data objects a and b 

x = [a]b] either a or b | 

X = {a} zero OL more occurances of a 

X = (a) optional data element a | 
| x = y {a} y or more occurances of a 

x = {a}z z or fewer occurances of a 

xX = y {a}z between y and z occurances of a | 

j 
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design is different in that an attempt is being made to 
design a system which does not yet exist. Therefore the 
data dictionary depicted in Table 4 is admittedly of a 
prelifinary nature. 

With the use of this data dictionary an initial data 
flow can be constructed. The data flow wili be expanded to 
different levels until the transformation of the input data 
to the output data is fully described. Upon the completion 
of the expansion of the data flow the process descripticns 
will te written. These descriptions will be compared with 
the data dictionary in order to determine if any of the data 
is not utilized or if there is data which must be added to 
the data dictionary. The data is then normalized and a data 
structure diagram is constructed. With the addition of the 
format in which the data will actually be stored, the data 
dictionary will be ccmplete and serve aS a reference docu- 
ment during the detaiied design of the decision sufport 


system. 
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TABLE 4 


Preliminary Data Dictionary 


ALGORITHM NAME 


CHARACTERISTIC 


DATE 
DATE _CF_ENTRY 


DATE _CBSERVATION 


Pro lLRIBUTION 


SOE ENT 


ELEMENT ANALYSIS 
ELEMENT ENTRY 


ELEMENT SOURCE 


ELEMENT VALUE 


FACTOR 


*Name of a modeling oon 
O 


used as part of ke 
identify a data object which 
contains the data which will 
be used by a model* 


eee eous” | pucegenous” J 
Identifies whether data is 
controllable* 

MMM/SCDD/YY" 

DATE 


*Date data entered into 
databasex 


DATE 

*Date data for ELEMENT_ENTRY 

observed or estimated* 
"Norm! | Nini" | npr zt 

kKHow stochastic variable 

is distributed* 


*Sub-area within a 
technology* 


Ptitmonmreal "| tEStimnate™ | 


DATE OF OBSERVATION 


DATE _OF_ENTRY 
ELEMENT VALUE 
ELEMENT ANALYSIS 
*Source of data for 
ELEM END s ENIRY * 
MOST LIKELY VALUE 
free VALUE 

OW VALUE 
DISTRIBUTION) 
FACTOR IDENTIFIER 
FACTOR TYPE 
Ne 
HARACTERISTIC 
{ELEMENT ENTRY} 
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Table 4 


Preliminary Data Dictionary (cont'd) 


FACTOR _ IDENTIFIER 


FACTOR OPERATOR 
FACTIOR_TYPE 
FACTOR WEIGHT 


GRCUP_IDENTIFIER 


GRCUP_LEVEL 


GRCUP_OPERATOR 
GRCUP_WEIGHT 


GROUPS 


HIGH VALUE 


IMPACT FACTOR 


IMPACTING FACTOR 
Pi nti InGe hae Tor 


TECHNOLOGY 
ELEMENT 


GROUP _ OPERATOR 
C"Subj"| "Obj" J 


*Any positive integer - a 
subjective evaluation of 
the factor aAnytne supe 
group* 


*A unigue name within the 
datawobp ece to 1dentrry 
a grouping* 


*An integer greater than 0 
used to indicate which other 
aeons this gEoup acts “on 

he lower number groups act 
on all groups of higher 
nun Eer* 


C "Mult"; "Add" J 


oer reek eM Glee ancl 
Subjective valuation of the 
group in the model* 


GROUP _IDENTIFIER 
GROUP~OPERATOR 
GROUP WEIGHT 
GROUP LEVEL 

SUB GROUP 

UB_ GROUP WEIGHT 
SUB_GROU P~OPERATOR} 


*Any real number greater 
than or egual to the 
ELEMENT VALUE'S 

NOS iat kh & Yaar ue 


*A subjective value - a 
Single digit 0-9* 


EAGTORVIDENTIFL OR 


PACTOR [DENTIFEER 
FACTOR TYPE 
UNAS 
HARACTERISTIC 
1 {ELEMENT_ENTRY}1 


came se a a cm cE ED RN ED EE ES 
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SSS ee et egttee epee ae eee EE re ie TD ccc STO SAAD SRD nny Reacts (tain OE peas, queen aes ED cae SOGRRS AR artes PD gate Os ES aegis ED cena OD Ge aD a AD pet ES cece: ae TD ees NED Sete 


Preliminary 


LOW VALUE 


MODEL 


MODEL IDENTIFIER 


MOST IIKELY VALUE 
SCALE _FOR_DATA 
SUB_GROUP 


SUB_GROUP_IDENTIFIER 


SUB_GRCUP_OPERATOR 
SUB_GROUP_ WEIGHT 


aR AN i ym ie 8 il a CR mul Ca NM A ge ee CRI yp a (a RR SSA in Ca, I i Gl NG eNO Germ, 


TECHNCLOGY = *Name of a_technological area 
at user's discretion* 
UNITS = *Units of measure for 
BLESENTS ENTRY s+ 
NEY 08.22 ea} 


eee ee ee ey fe ee ge as eats eg OO nee A MO es eat SP tS I a a N  e- eee) 


Table 4 


Data Dictionary (cont'd) 


= *Any real number 
equal to the ELE 
MOST _LIKELY VALU 


= ALGORITHM NAME 
MODEL_IDENTIFIER 
GROUPS 
LIMITING FACTOR 
IMPACTING FACTO 
IMPACT FACTOR} 


= *Name given by user used 
aon With ALGORITHM_NAME 
to identify the data object 
containing the data to 
be modeled* 


less than or 
MENT_VALUE'S 


= *Any real number* 
= ["Linear"| "Log" ] 


=o Ub sGRCUP IDENTIFIER 

SUB_GROUP 
UB_GROUP_WEIGHT 

SUB _GROUP_ OPERATOR} 
FACTOR 
ACTOR_OPERATOR 

ECR eats 

*A recursive definition 

Beg Bees may contain 

other subgroups* 


*A unique name for a sub- 
group within the group* 


GROUP_OPERATOR 


*Any positive integer - a 
subjective evaluation of the 
SUB_GROUP in the GROUP or 
SUB_~GROUP* 


i 
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V. PROCESS SPECIFICATIONS 

The process specifications are descriptions of each of 
the nedes in the system where data flows are transformed 
from one form of compoSition into another composition. A 
characteristic of these specifications is that each should 
descrire an underlying policy of the system, specifying what 
is to be accomplished rather than how to accomplish it. To 
do this they are written in a form known as Structured 
English. Structured English is a form of English in whaen 
the majority of nouns used will come from the data 
dictionary. A reserved list of words is utilized to denote 
the actions within the process. Examples of words from this 
list are those words which use the three techniques of 
program construction. For sequence structures statements 
Within a program should follow one another. To show decision 
the usuai constructs are ‘If...then...else’', ‘if...then', won 
'Tf...then...otherwise'. For multiple decisions some varia- 
tion of a ‘Case structure is employed (i.e., Case of This, 
Po This, Dov that, Do The Other Thing). Iterations are 
expressed as 'Repeat...Until some condition is met','While a 
conditicn is present do...*, or ‘For a certain nunberwam 
times do...'. A thoreugh treatment of the topic is provided 
in [ Ref. 12]. 

The process specifications written here are referred to 
aS process mini-specifications or ‘mini-specs', due tc the 
fact that each specification 1S unigue to itself and 
describes a smaller system contained within tke whole 
system, each having its specified inputs and outputs. To the 
remainder of the system the process will appear to te a 
"black box with inputs going in and outputs coming our 


somehow transformed Ey the precess. In this chapter the 
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inputs and outputs for each process are listed. The under- 
lying policy of each process iS provided to indicate what 
the process is to do. Due to the length of the mini-specs, 
they have been placed in a Separate appendix. Prior to each 
mini-specification the inputs and outputs along with their 
respective sources and destinations are provided. Fcllcwing 
the mini-specifications are the McCabe complexity numbers of 
the processes, anda description of the basis paths of the 


processes. 


Aw. THE MCCABE COMPLEXITY METRIC IN SOFTWARE DESIGN 


The McCabe Cyclomatic Complexity Measure was first 
developed for testing of already coded modules. McCabe's 
p cer [Ref. 14] presents the idea of applying a complexity 
m isure in the design phase of software deSign. Previcusly 
this metric had only been apflied to completed code. The 
reasoning behind apflication of this metric in the design 
rhase 1S that many more errors occur in the design fhase 


than in the coding phase. This fact 1s demonstrated by the 


TABLE 5 
Relative Frequency of Design and Coding Errors 


Source Statements pes nore Coding aor 


Hair fication (No. ) ( 
A Zs 73.6 26.4 
E 9880 ears PO a3 
C 7179 a ie6 64.4 
E $631 51.6 48.4 
E S75 58.8 41.2 


data in Takle 5 which is from a software reliability study 
conducted at TRW of the percent of errors introduced ina 
series of modificaticns to a large software project (100,000 


lines of code) [{Ref. 15]. The extension of the McCabe 
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complexity metric to the design testing of processes will 
help to identify logic path errors and will provide the 
number of basis paths through a process. A basis path is 
one of the set of possible independent paths from the entry 
point of the process to the exit point from the process. 
The set does not include variations from the independent 
paths due to iterations of Statements along the path. 
Knowledge of these faths helps to determine the makeup of 
the test data to be utilized later in testing the coded 
designs. 

The primary purpcse of the McCabke Cyclomatic Complexity 
measure (henceforth referred to as "the comp exity measure) 
is to limit the numker of independent paths in a process. 
Yourdon and Constantine [Ref. 11] present the idea that an 
acceptatle guideline for the length of a process is that the 
Structured English syntax or decision table be no more than 
one page in length. They acknowledge that this iS a very 
seneral guideline but that it should be utilized in addition 
to ensuring that a precess be strongly coheSive. However, as 
pointed cut by McCabe, a 50 line process with 25 selection 
statements will result in 33.5 million control paths. 

In order to determine what the complexity of a process 

iould ke, it must first be established how complex a 
process may be before a programmer can no longer effectively 
and rapidly understand it. Throughout managerial, psycholog- 
ical, and software engineering literature this complexity 
limit is known as the Hrair limit. AS applied to software 
design, it has been determined to be seven logical events, 
plus or minus two logical events [Ref. 14]. The application 
of this limit to processes is that the number cf basis faths 
through a process should be limited to seven. Such a linit 
will aid in testing and maintenance due to the ability of 
the maintenance personnel to review the design and guickly 


grasp the purpose of a _ process. This application has been 
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validated hy a software reliability study [Ref. 16] which 
demonstrated that procedures of already coded software with 
10 or more basis paths accounted for a much greater share of 
the errors. When processes are coded and compiled, their 
complexity will increase by 2 or 3; therefore, in the soft- 
ware design the complexity should be seven basis paths. 

The theory behind the complexity metric is based ona 


definiticn and theorem from graph theory. 


Merinition t. The cyciomatic number v(G) of a graph G 
with _n vertices, e edges, and 1 connected component 
results in the eguation; 


v(G) =e-n+t+ 7 (3.1) 


Vertices are also kncwn as nodes and an edge can be consid- 


ered a path from one node to another. 


Theorem 1. In a strongly connected graph, the. cyclo- 
Matic number is equal to the maximum humber of linearly 
independent paths. 


A strongly connected graph is one in which there isa 
Single entry point and a single exit point. All paths go 
from the entry point to the exit point. Furthermore there is 
a path from the exit foint to the entry point. A module can 
ke considered to be represented by a strongly ccnnected 
graph because there is a single entry point from the calling 
module and the module returns control to that entry foint 
when it is through prccessing. 

when a control graph is drawn to represent the flow of 
Gencecrol through a module, there is usually no indication of 
the path from the ending point to the entry point. McCabe 


remarks that this edge does not have to be drawn in, fEut 
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that at may be acccunted for by modifying equation 5.1 


LeSu tn gen 


v (G) {e + 1) =- ntl (Sze 


or 


ey) e-n +2 (3a) 


Application of Theorem 1 to Graph Gin Figure 5.1 shows 


that v(G) is 5. This indicates that there is a basis set of 


se 
E)E)-© 

/ | 

ae 

\ A 
Be 2: 
—— 


Sm mm a ee ee ec ee Se eee 


Figure 5.1 Graph G. 


five independent paths from node ‘tat to node 'l'. There is 
no one correct set cf independent paths, but there isa 
ynasis of five paths. For example, there could be iterations 
of alocp within the module. The identification of the 
number of fpaths in the basis set does not tell how many 


iterations as the loop should be _ processed; that 1s 
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determined by data conditions at the decision points. Two 
examples of sets of Easis paths for figure 5.1 are Shown in 
table 6. 


TABLE 6 
Two sets of Basis Paths | 
| Set # 1 Set # 2 | 
E11: abcegheikl abdfjkl 
PZ aoa bk abceikl | 

Bb3: abceikl abdfikl 

b4: abceghl ee Say kanpene 

| be?) abdftykl abc (egh) 41 
{The notation (egh)3 means to { 
| Jiterate the Loop (egh) 3 times | 
+ wane aoe ee 


Bee PROCESS DESCRIPTICNS 


1. Model Building 


The purpose of these processes 1S to construct a 
format for new factors or groupings of factors. If it isa 
grouping cf factors being constructed then identify the 
groups, the sub-groups, the group, sub-group, and factor 
coefficients (weights), each groups level within the model, 
and the sub-groups and factors of which they are ccmposéd. 
If there are new factors being formatted then obtain their 
factor identifiers, factor types, characteristics, and the 
subjective impact of the world and the factor itself upon 
tae Lactor. If there are any factors which impact upon the 
factor being formatted then obtain their factor identifiers 


and their subjective impact upon the factor being formatted. 


4 3 


a. Scoring Medel Cons tanec 


Get the Factors (or Factor) which the manager 
wishes to be part of a model or which will be forecast or 


analyzed at a later time. 


Pps. NOD fier SOURCE] “anager 
GROUP Manager 
FACTORS EE Manager 
SUB_GROUP Process 1.2 
Outputs: MODEL _STRUCTURE Destination: MODEL STRUCTURE 
File 
FACTOR LD Process 1.2 


bE. Sub-Group Organizaevon 


Arrange Factors in Sub-Groups. AsSign each 
Factor a weighting value and each Sub-Group a weighting 
value. Criteria for flacing factors together in a Sub-Group 
are whether they are both either "desirable" or "undesi- 
rable" and that they can be traded off against one another. 
Otherwise they are in separate Sub-Groups. There is no limit 


to the number of Sub-Groups or Factors ina Sub-Group. 


HOWeVEL, Single Factors do have to be assigned to a 
Sub -Grour. 
Inputs: FACTOR ap Source: Process 1.1 
SUB GROUP SED Manager 
SUB_GROUP_WEIGHT Manager 
FACTOR _WEIGhT Manager 
Outruts; SUB_GROUP Destination: Process 1.1 
FACTOR_ID Process 1.3 
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Gaenadi tion to Factor File 


ited Padetor 2S e.aenen Factor thengget all infor- 
mation necessary for use in later analyzing or forecasting 


bt 


Mauruts: FACTOR ID SOUGee ee bOGeSS 1-2 
FACTOR Manager 
ere puts: FACTOR Destination: FACTOR File 


2. Model Management 


The purpose of this process is to interpret the user 
command and forward the selection of the user for either 
analyzing or forecasting of the factor or model selected. 
Check to see if the selected factor or model is in the data- 
base. Any default values of the selection are set and the 
overall validity of the user's selection is verified. If it 
is not valid the user is notified of that fact and allowed 


to reenter a selecticn command. 
ae Model Validation 


Ensure that the user made a valid selecticn of 


options in his selection command. 


Pputs: USER SELECT SOeee sm idan ager 
USER SOLE E GC) PEGCCS: 
MODEL STRUCTURE Process 2.2 
Dee ee PEOCceSSsS 
VALIDATION Process 2.2 

epee cCucsc: FIRM SELECT Destination: Process 4 
PIEMS SE LEED Process 6 
BAGTOR LD Process 5 
tere ells ere Process 2.2 
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rk. Set Default Values 


Provide default values for any parameters not 
specified by the manager. These default values are a feriod 
of the forecast using data from 15 years prior to the 
present date to 15 years beyond the present date into the 
future. The default interval is one year. For the 4onte 


Carlo selections the default number of iterations is 100. 


PN epuve: USER. ook Gar SOUrCeG:) PEGeGessy7z 

TODAYS _DATE Calendar 

MODEL, SI RUCIURE MODEL STRUCTURE File 
Outputs: FIRMS SErres Destination: Process 2.1 


ce. Ensure Sufficient Data Available 


Check the Factor File to enSure that there are 
at least 3 data points within the user specified time fperiod 
for each Factor necessary to the forecast. If the selection 


is for a crossS-impact-analysis then this process is not 


necessary. 
IN PULCS See ORNS oe eEe tT 5OUmeC: Process 2.1 
FACTOR PACIOR Fi le 
FACTORS LD Process 2.1 
Outputs: VALIDATION Destination: Process 2.1 


3. Element Entry 


This process allows operators to add values tc the 
factors in the Factor file. It 1s a screen formatted entry 
and allows little leeway for the operator. ECrocs are 
possitle if the operator enters the wrong units for the 


ELEMENT _VALUE in spite of the rfprompting by the process. 


ENPUES. SACEOReED HOUrGe. 0 Pe Laror 
DATE _OF_OBSERVATION Operator 
PUSH OURCE Operator 
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BLENENT VALUE Operator 


DAE eOe EN Lay Calendar 
UNITS FACTOR File 

Sui ruts:; ELEMENT ENTRY Destindt On eene Lon rile 
EN LR YeSCREEN Operator 


q. Forecast 


This group of processes execute the forecast of the 
model or factor selected by the user. The forecast is made 
by fitting five types of curves to the observed data. The 
curve with the highest correlation coefficient is utilized 
for the forecast. A default confidence interval of 50% is 
applied for the forecast. The results of the forecast are 
provided to the manager ina tabular format. ee a ya Vad ual 
factors are forecast then the results are placed in the 
Paetor file, with an BLOMENTOANALYSIS Sor “Estamate", 
ELEMENT SOURCE is the CURVE used for the forecast, and 
DATE CF _ENTRY and DATE OF OBSERVATION are the date and time 
the forecast was completed. 

In the case of forecasting models three  possitle 
combinations are available. If all of the factors which nake 
up the model have a factor limit then a model limit can then 
ke calculated by utilizing the factor limit in place of the 
factor values in the scoring model and executing the model. 
This would enable Pearl and Gompertz curves to be calcu- 
lated, because these curves require an upper limit to 
growth. The model can then be executed asS normal with the 
model limit used in these two equations in place of the 
maecOr Limit. If some factors ina model have ne factor 
limit then only the linear, logarithmic, and double loga- 
rithmic curves are available for fitting. 

There is alsc the option of forecasting each indi- 


vidual factor along the curve with the best fit and then 
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substituting the estimated values for each factor in the 
model. When observed data iS not available then this is 
carried out through a Monte Carlo simulation using a random 
distritution between the upper and lower confidence limits 


or the estimate. 
ae Limit Chcices 


Determine the beginning and ending time of each 


interval of the user's request. 


inputes Ronson ee SOUrCeC 3 BE LtoOCc ess 
MODELMSi RG Cuike MODEL_STRUCTURE File 
FACTORS Et ere FACTOR File 
Outputs: BARE _FACTCKHK VIEW Destination: Process 4.1.3 
EARE_FACTCR_VIEW Process 4.1.2 
MODEL 7s 2RVveruUur & Process 4.1.2 
MODEL_STRUCTURE Process 4.1.4 


ke. Check For Model Limit 


Check to see 1£ Model-Limit can be calculated 
from data available. If all Factors ina model have a 


Factor-Limit then a Model-Limit can be calculated. 


inputs: NOVEL st RvecigRs Source: Process 4.1.1 
PACT OR wo ata Process 4.1.1 
OUT CU Css MODEL Ered? Destination: Process 4.1.4 


ce. Calculate the Model-Limit 


Calculate the Model-Limit using the 
Factor-Linits for each Factor inthe model and using the 
Model-Structure of the designated Model-Id. 


Inpubs etOpELe STRUCTURE Source: Process 4.1.2.1 
PACTORMLIN 11 Process 4.1.2.1 
Out putsz euOpr lari Destination: Process 4.1.4 


48 


Ge Screen Factor Values 


Screen Factor File for historical data within an 
interval. Calculate the average of the values and note the 
number cf values ineach interval and the last interval 


which has any historical data in it. 


PHEUtCS: BARE FACTOR VIEW Source; Process 4.1.1 
BLM ENG vy Aue FACTOR File 
Outputs: FACTOR VIEW Destination: Process 4.1.4 
FACTOR_VIEW Process 4,3 


€. Scoring Mcdel 


Ensure an interval has at least one data point 
in it prior to calculating the Model-Score. If there are no 


data points, go to the next interval. 


meputss MODEL LIMIT sources Process 4.1.2 
MODELSSTRUCTIURE Process 4.1.1 
FACTOR _ VIEW Process 4.1.3 
MODEL. SCORE Process 4.1.4.2 
Outputs: MODEL STRUCTURE Destination: Process 4.1.4.2 
AVG_VALUE Process 4.1.4.2 
MODEL_VIEW Process 4.3 


f. Calculate Model-Sccre 


Calculate score of a single interval cf a model 
uSing the Model-Structure and the Avg-Values passed to it. 
The Factors which make up each Sub-Group are multiplied by 
their Factor-Weights and then summed together. All 
Sub-Grours are multiplied by their Sub-Group Weights. The 
Sub-Grouprs which are the components of each Group are multi- 
plied tegether and then multiplied by the Grourp-Weights. 


Desirable Groups are divided by undesirable Grours. 


4g 


Overriding Groups multiply the entire model.This product is 
the Mcdel-Score. 


Inputs? PMOpE LST RUGIURE source: Process 4.1.4.1 
AVG_VALUE Process 4.1.4.1 
Outrute: MODEL sSeOrE Destination: Process 4.1.4.1 


ge Initialize Functions 


Determine the set cf formulas which will be used 
to convert observed data into a linear form. The possible 
five curves are the Pearl curve, Gompertz curve, linear ({no 
change), a logarithmic curve using the natural logarithm cf 
the dependent variable (the element-value), and a double- 
logarithfic curve uSing the natural logarithm of both the 
dependent (element- value) and independent variakle 
(observation-date). If there are no Factor or Model Limits 


then the Pearl and Gcmpertz curves can not be utilized. 


Inputs: MODEL _VIEW SOUL Ce. VE EOCcecouueal 
FACTORS VL EW Process 4.1 

Outputs; DATA POINTS Destination: Process 4.3.13 
AVG_VALUE Process 4.2.1.2 
END_INTER VAL Process 4. 32 1kzZ 
CURVE Process 4.3.1.2 
Ces Process 4.3.1.2 


he. Calculate Curve Functions 


Adjust the Avg-Values and Observation-Dates into 
a form which may be linear using the Gompertz, Pearl, 


Logarithmic, or Double-Logarithmic equations. 


IMmMpuGes oleae Source: Process 4.3.1.1 
AVG_VALUE Process 4.3.1.1 
END_INTERVAL Process 4.3.1.1 
CURVE Process 4.3.1.1 
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Outputs: DEPENDENT DeEStindeienemmumocess 4.3. 1.3 
INDEPENDENT Process 4.3.1.3 


is Calculate Regression 


Calculate A, B, the correlation coefficient, and 
the standard error cf B through simple regression. The 
dependent variable (an adjusted or unadjusted Element-Value) 
is regressed on the independent variable (an adjusted or 


unadjusted Observaticn-Date). 


iacuts: DEPENDENT Source: Process 4.3.1.1 
DATA_POINTS Process 4.3.1.1 
INDEPENDENT Process 4.3.1.1 
LAST _OBSERVED_INTERV AL Process 4.3.1.1 

Outputs: REGRESS _ ANALYSIS Destination: Process 4.3.2 
REGRESS_ANALYSIS Process 4.3.3 
REGRESS ANALYSIS Process 4.3.4 
REGRESS_ANALYSIS Process 4.3.5 
PEGRESSeANALYSIS Process 4.3.6 


je Pearl Curve Forecast 


Generate estimates of data over the’ feriod in 
which data was observed using a Pearl curve formula, then 
calculate the estimated value for the data with an upper and 
lower limit for a 50% confidence interval. This information 
is provided for each interval from the end of observed data 


to the End-Period of the user reguest. 


Inputs: VARIATE source: Process 4.3.1 
PPENT LET ER Process 4.3.1 
REGRESS ANALYSIS Process 4.3.1 
FACTOR_VIEW Process 4.3.1 
MODEL VIEW Process 4.3.1 


Outputs: EXPANDED_FCDEL_VIEW Destination: Manager 
EXPANDED. FACTOR_VIEW Manager 


Dial 


EXPANDED _FACTOR_VIEW Process 4.3.1 
k. Gompertz Curve Forecast 


Generate estimates of data over the f[feriod in 
which data was observed uSing a Gompertz curve formula, then 
calculate the estimated value for the data with an upper and 
lower limit for a 50% confidence interval. This infcrmation 
is provided for each interval from the end of observed data 


to the End-Period of the user request. 


Inputs: VARIATE Source: Process 4.3.1 
IDENTIFIER Process 4.3.1 
REGRESSen NALYSIS Process 4.3.1 
FACTOR _VIEW Process 4.3.1 
MODEL_VIEW Process 4.3.1 


Outputs: EXPANDED _MCDEL_VIEW Destination: Manager 
EXPANDED_FACTOR_VIEW Manager 
EXPANDED_FACTOR_VIEW Process 4.3.1 


ie Linear Curve Forecast 


Generate estimates of data over the feriod in 
which data was observed uSing a Linear curve formula, then 
calculate the estimated value for the data with an upper and 
lower limit for a 50% confidence interval. This information 
1s provided for each interval from the end of observed data 


to the End-Period of the user reguest. 


In putss VARTATE Source: Process 4.3.1 
IDENTIFIER Process 4.3.1 
REGRESS_ANALYSIS Process 4.3.1 
FACTOR_VIEW Process 4.3.1 
MODEL_VIEW Process 4.3.1 


Outputs: EXPANDED MCDEL_VIEW Destination: Manager 
EXPANDED_FACTOR_VIEW Manager 
EXPANDED_FACTOR_VIEW Process 4.3.1 
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m. Log Curve Forecast 


Generate estimates of data over the feriod in 
which data was observed using a Logarithmic curve formula, 
then calculate the estimated value for the data with an 
upper and lower limit for a 50% confidence interval. This 
information is provided for each interval from the end of 


cbserved data to the End-Period of the user request. 


Inputs: VARIATE Source: Process 4.3.1 
TD ENT EEE GR Process 4.3.1 
REGRESS_ANALYSIS Process 4.3.1 
FACTOR VIEW DEOCeesm aS 1 
MODEL_VIEW Process 4.3.1 


Outputs; EXPANDED MCDEL VIEW Destination: Manager 
EXPANDED_FACTOR_VIEW Manager 
EXPANDED FACTOR VIEW Process 4.3.1 


ne. Double-Log Curve Fcerecast 


Generate estimates of data over the feriod in 
which data was observed using a Double-Logarithmic curve 
formula, then calculate the estimated value for the data 
with an upper and lower limit for a 50% confidence interval. 
This infcrmation is frovided for each interval from the end 


of observed data to the End-Period of the user request. 


Inputs: VARIATE Source: Process 4.3.1 
PDE ore EER Process 4.3.1 
REGRESS_ANAILYSIS Process 4.3.1 
PROTOR VIEW Process 4.3.1 
MODEL_VIEW Process 4.3.1 


Outputs: EXPANDED MCDEL_VIEW Destination: Manager 
EXPANDED_FACTOR_VIEW Manager 
EXPANDED FACTOR VIEW Process 4.3.1 


es 


o- Monte Carlie 


Provide the actual Model-Score and the estimated 
Model-Sccre over the intervals with observed data. The esti- 
mate 1S arrived at through use of the eStimated factor 
values for each Factor in the medel substituted in a SConamme 
model. For the intervals with no observed data a 50% confi- 
dence interval is established using the upper and lower 
estimates for each Factor of the model and substituting then 
into a scoring model. Then, for number of times specified by 
the user, a random value between the upper and lower esti- 
mates for Cacieractor mis used for calculating the 


Model-Score. 


Inputs: Fine oelecr Source; Process 4.1 
EXPANDED _FACTOR_VIEW Process 4.3 
MODEL _VIEW Process 4.1 
MODEL_STRUCTIURE Process 4.1 
MODEL_SCORE Process 4.4.2 


Outputs: MONTECARLC_FORECAST Destination: Manager 
MODEL _ STRUCTURE Process 4.4.2 
AVG_VALUE Process 4.4.2 


pe Calculate Model Score 


Calculate score of a single interval of a model 
uSing the Model-Structure and the Avg-Values passed to it. 
The Factors which make up each Sub-Group are multiplied by 
their Factor-Weights and then summed together. All 
Sub-Groups are multiplied by their Sub-Group Weights. the 
Sub-Groups which are the components of each Group are muiti- 
plied together and then multiplied by the Grouf-Weights. 
Cesirable Groups are divided by undesirable Groups. 
Cverriding Groups multiply the entire model.This product is 


the Mcdel-Score. 
[nputs: epee RU CIR e Source: Process 4.4.1 
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AVG_VALUE PE@eGeSss. 424. | 
Outputs: MODEL_SCORE Destination: Process 4.4.1 


5. Cross Impact Analysis 


This process utilizes the simple cross impact anal- 
ysis model devised by Kane as discussed in [{Ref. 2}. ate 
searches the database for the values it requires and does 
hot reguire any interaction by the user. Any changes tc the 


model will be made in the Model Management process. 


ae Cross impact 


Construct a Cross-Impact—Matrix of Factors which 
impact on a Single okiject Factor. This matrix also includes 
the impacts of the other Factors upon each other. The impact 
of the cutside world only impacts upon the Factors; the 


Factors do not impact upon the outside world. 


iaputs: FACTOR ID Source: Process 2.0 
TMPACTEEACTCRS FACTOR File 
FACTOR _IMPACTS FACTOR File 


Outputs: CROSS IMPACT MATRIX Destination: Manager 
CROSS_IMPACT MATRIX Process 5.2 


rE. Calculate Impact 


Over a relative period of time calculate the 
cumulative effects of the values of the Cross-Impact-Matrix 
upon a set of subjective Initial-Values provide by the 


Manager for each Factcr. 


imeutesmekOSS IMPACT MATRIX Sources Process 5.1 


INITIAL _VALUE Manager 
Mutputs: RELATIVE. TINE Destination: Manager 
VALUE Manager 


2) 


6. Model Change 


The user may change selected variables within the 
model which has most recently been executed and then execute 
it again. For a model forecast the Group-Weight, 
Sub-Group-Weight, and Factor-Weights may be changed. ee 
desired, the modified model may be given anew name and 
placed in the WModel-Structure file. The Factor-Linit (oom 
Factor or of Factors in a model may be changed and the model 
run again. The selection parameters may be altered to change 
the time period looked at, the interval within the time 
pericd or, if the selection was for a model, a Monte Carlo 
forecast rather than a regular forecast (and vice versa) may 


te chcsen. 


Inputs: INITIAL_VALUE Source: Process 5 
FACTOR_VIEW Process 4 
MODEL_STRUCTURS Process 4 
CROSS SEMPACT MATRIX Process 5 
FIRM SELECT Process 2 
GROUP _WEIGAT Manager 
SUB_GROUP_WEIGHT Manag er 
FACTOR _WEIGHT Manager 
PRET OR Seria Manager 
MODEL_ID Manager 

Outputs: MODEL STRUGIURE Destination: Process 4 

MODEL_STRUCTURE MODEL _STRUG Tiina: 
File 

FACTOR_VIEhk Process 4 

CROSS _IMPACTAMAITR EX Process 5 

INITIAL _VAIUE Process 5 
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VI. AEPLICATIONS OF THE DSS 


The ISDN concept is the integration of digital voice, 
Circuit-switched data, and packet-switched data networks 
into a single network. The user of an ISDN would not be 
aware of which of these types of networks would be utilized 
to complete a connecticn to a destination. The network would 
select the required type of network, the choice of which 
would be transparent to the user, but 1S accessed at a 
Single pcint. An ISDN architecture for the national backbone 
and distribution telecommunications systems could be desir- 
able by the NCS as it would simplify the problem of inte- 
grating the present mix of communications networks in a 
hational emergency. 

The rate at which an ISDN architecture will evolve in 
the United States can not easily be mandated by regulation 
due to the increasing number of private companies’ and 
government agencies involved in construction and maintenance 
of teleccmmunications systems. AS pointed out in Chapter 1, 
the impetus for growth of a technology comes from a need for 
that technology. In the United States, it is estimated that 
private users provide 85% of the needs driving the evolution 
of the ccmmon carrier network. Only 20% of the private users 
provide 80% of the use of the common carrier networks 
[Ref. 17]. Therefore, to forecast the growth of ISDN tech- 
nology, it is necessary for the manager to forecast the need 
for an ISDN by private users. 

The forecast DSS described in this paper can be utilized 
to forecast that user need for an ISDN. The method fcr doing 
this is for the NCS te collect data on the number of Private 
Branch Exchanges (PBX's) with digital capable microwave, 


Sertcal fiber, or copper T-carrier direct tie-lines to tcli 


ow | 


or tandem switches with direct access to the digital kack- 
bone system. This data can be expressed as a number of tie- 
lines installed or as a percentage of installed PBX's with 
the tie-lines. This is an indicator that network users want 
to bypass the local distribution systems which are difficult 
to use for high speed digital communications. The number of 
PBX's with tie-lines can be entered into the database of the 
DSS. A forecast can be generated of this data by extrafo- 
lating along the growth curve with the best fit to the data. 
This curve fitting 1S performed by the DSS and the results 
of the forecast are stored inthe DSS database for later 
comparison and are also presented to the user in e¢€ither 
tabulate cr Qlapn lea LoOrm. 

The above example is one of an accelerator for techno- 
logical growth of ISDN architectures. It would also be 
desirable to forecast constraints on the development and 
implementation of this technology. The number of engineers 
and maintenance fperscnnel trained to install and maintain an 
TSDN is a definite constraint on implementation of an ISDN 
architecture in the United States. The data on the number of 
such ISDN trained personnel can be collected and fcrecast 
uSing the DSS. 

After a number of accelerators and constraints have been 
collected, across iftpact analysis of the factors upon each 
other can be performed by the DSS. An analysis of this type 
could demonstrate the relative impact of different variables 
upon each other to oktain an approximation of the relative 
time required to achieve a desired result. For example, the 
impacts of digital communication media cost, the number of 
ISDN trained personnel, and the competition to provide 
digital services upon ISDN technology growth can be modeled. 
The DSS 1s executed with the impacts as subjective values 
and are defined as desirable or negative impacts upon ISDN 


technology. 
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An example cross impact matrix is given in Table 7. The 


variakles listed in the table are: 


1. Digital communications media cost = ‘MM! 
2- Number of ISDN trained personnel = '‘'P! 
3. Ccempetition to provide digital services = 'C! 


4. Growth rate of ISDN technology = 'G! 
The cross impact matrix indicates that the cost of communi- 
cations impacts negatively on the rate of growth, while the 
training of more perscnnel facilitates the training of even 
more personnel. The advantage of this model is that it 
demonstrates the reiative impact that a combination of vari- 
ables can have on the growth rates of other variakles. 
Figure 6.1 is the result of executing the model with the 


values frem the cross impact matrix of Table 7. 


TABLE 7 | 
| Sample Cross Impact Matrix | 
| Values of Impacting Factors | 
Outside 
M E C G World 
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Figure 6.1 


Output of Cross Impact Analysis. 
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VII. CONCLUSIONS 

The National Communications System has been tasked with 
the overall responsibility for planning a national security/ 
emergency preparedness telecommunications system [Ref. 17]. 
An automated decisicn support system which can aid NCS 
Managers in making effective forecasts of telecommunications 
technology, prices and costs would be an invaluable tool for 
the conduct of this planning. This work has described the 
logical design of such a system. The design 1s general 
enough to allow maximum flexibility in the eventual conver- 
Sion to a physical, coded implementation. It will not be 
difficult to code this design in a higher order language 
such as Ada, COBOL, or BASIC. More importantly, the logical 
design cf this DSS lends itself toward implementation 
utilizing a fourth generation language such as FOCUS or 
NOMAD. The ability of these type of packages to access data 
through a database- type format allows a non-programmer to 
take this design and create a database which can be accessed 
by simple routines written in the generic language which 
accompanies these packages. 

Furthermore, the design of this forecast DSS can be 
implemented on any size computer from a desktop microcon- 
puter up toa large mainframe. The deSignation cf a 
Specific system to run this package at this stage of the 
design is not necessary nor is it desirable. The end prcduct 
that a user should Le looking for is an acceptable logical 
design, not an up and running system. With a logical design 
the user can change ccmputer systems without having to have 
all of his software redesigned. It will be simple to have it 
coded for the new system or itplement it himself with a 


fourth generation package as described earlier. 


61 


The modular design of iis system enableS expansion of 
the forecast routines w -h Jlittle effort. The models 
selected for this design were chosen for their simplicity 
and ease of understanding by the user. A complex econometric 
model may be more accurate (though that has been dekated by 
professionals in the field [Ref. 18] ), but the simplicity 
of simple regressicn models is more intuitive to the 
Manager. Two possible simple models could be added, an exfo- 
nential smoothing model, and a moving average model. However 
the seasonal or normalizing techniques which accompany these 
models are not so simple and depend on many more assumptions 
than a simple regression extrapolation. Through the use of 
the scoring model ccnstruction technique, the manager can 
build simple multivariable bootstrap models. Such _ nmecdels 
have been shown to model reality to a remarkable degree 
{Ref. 18]. In any case, tnis system's strict adherence to 
structured techniques and modularity would Facilitate any 
future modification or expansion brought about by the 
dynamic nature of the telecommunications environment and the 


possibility of changes in overall system requirements. 
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APPENDIX A 
ESSENTIALS OF STRUCTURED DESIGN 


Stevens et al. [Relea taj antroduced™ the concert of 
structured design aS a comprehensive method for reducing the 
growing complexity of program design. Because it is not a 
true methodology, itis used nost effectively in consonance 
with other techniques, such as _ structured programming, 
structured analysis, and HIPO hierarchy charts. The key to 
structured design is reducing the logical view of the system 
into simple pieces, called modules, that can be readily 
understood and hence constructed. The rationale behind this 
concert, common with most modern software design technigues, 
lies with principles of behavioral science regarding the 
human ability to comprehend and solve problems faster when 
they are of manageable size and complexity. These princi- 
ples were the basis for top-down design, which calls for 
decomposing large, complex problems into smaller, less 
complex problems, until the original problem has’ been 
expressed aS a combination of many, small, solvable frob- 
lems. However, top-down design alone is not sufficient for 
ensuring modules that are easy to maintain and modify. 
Structured design includes the concept of top-down design, 
along with other strategies and heuristics. Among these are 
coupling and cohesion. 

Ccupling 1S a méasure of the strength of association 
between separate modules within a system. The greater the 
degree of coupling, the harder it is to understand, change, 
or correct a module and hence the more complex and corpli- 
cated the systen. One goal of structured design is to 
create modules with ccupling as weak as possible. seals) jaye 


ke achieved, at least in theory, by designing the module 
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interface to be simple and obvious and ensuring the connec- 
tion ketween modules is to the normal module interface (the 
entry point) rather than to module internal components. 

Modules share a common environment when they interface 
with the same storage area, data region or device. Ccmmon 
environments often previde complex paths along which errors 
can travel when a change is made to one module. When ccmmon 
environments are originally designed into a system, add-on 
modules will also be forced to interface via the common 
environment, further degrading the product. Limiting ccmmon 
envircnment access to the smallest possible subset of 
modules tends to minimize this potential problen. Ancther 
method to achieve lcw coupling is to restrict interface 
connecticns to obvious relationships and avoid those that 
are inferred. Thus, connections which refer to a mcdule as 
a whole require less coupling than those which refer to an 
internal component of a module. This latter case is called 
pathological connecticn, andis one of the strongest forms 
cf coupling between modules. It can be avoided by ensuring 
a subroutine executes only when it 1s called formally bya 
module, it operates strictly on data passed by the calling 
module, only that data essential to the performance of its 
task is passed to the subroutine, and ali results of its 
operaticns are returned to the calling module. 

Cohesion is defined as the strength of associaticn of 
the elements within a module, andis measured by a term 
called binding. The goal is to strive for high binding, 
which directly results in reduced coupling by minimizing the 
relationships amcng mecdules. The levels of cohesion may be 
addressed separately, scaled from low to high, and although 
a module may exhibit multiple levels of binding, the highest 
that may be applied determines the module level. 

1. Coincidental kEinding means there is no meaningful 


relationship among the internal elements of a module. 
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It usually stems from haphazard attempts at breaking 
code up into "modules" or consolidating duplicate 
coding from several modules into one "module", 

2. Logical binding means there exists some kind of 
logical relaticnship among the elements of a module. 
It often resuits from "cute", difficult to modify, 
Shared code, or from passing unnecessary arguments. 

3. Temporal binding means the elements are logically 
related also in time. Such elements are executed 
during a common period of time. The reason such 
mcdules are higher on the cohesion scale is that all 
the elements are at least executed at once. 

4. Communicational binding means that elements are 
related further to the same input/output data set. 

5. Sequential binding means that elements within a 
module are processed sequentially. re usually 
results from literal transformation of flowchart 
procedural blocks to modules. However, procedural 
processes Can €ncompass more than one functicn. 

6. Functional binding means all the elements of a module 
are related to the performance of a single function. 
It is the strecngest level of binding. In practice, 
the determination of what exactly constitutes a func- 
tion is a difficult task, further compounded by the 
dilemma of deciding how far to divide functionally 
becund subfunctions. 

Althcugh there fray well be a basic tradeoff to be 
confronted between "Structural design" modules and 
execution/memory overhead, there are a number of reasons why 
a structured design may, indeed, enhance execution tine/ 
memory space required. The major reasons are: 

1. Error modules (called “optional") may never be called 


from memory. 
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2. Other, well-designed modules may only be executed a 
Minimum number of times. 

3. Structured design reduces the amount of duplicate or 
redundant code. 

The structured design process is divided into two 
phases: cseneral program design and detailed design. General 
program design is described as deciding what the program 
functions will be, and detailed design as deciding how the 
functions will be implemented. The overall design goal 
remains the structure of functionally bound, Simply 
connected modules. The technique is simply top-down, 
modular, hierarchical with a unigue graphical format. The 
following guidelines may be helpful when utilizing the 
structured design process: 

1. In orier to €nhance maintainability, ensure the 
structure of the design matches the structure of the 
problem. Subsequent changes to the problem will then 
affect a minimal number of modules. 

2. Strive for simple designs where the scope of effect 
of a decision is restricted to the scope cf centrol 
of the module containing the decision. This is 
accomplished by either moving the decision element up 
in the structure chart, or by moving the entire 
module containing the decision so that it falls 
within the score of control. 

3. Use module size as an indicator of potential precb- 
lems. A module that is extremely small may not 
perform a ccmplete function. A module that is 
extremely large may include more than one function. 

4. It is acceptable to design modules that return binary 
error or end-cf-file flags. However, the same module 
Should not be concerned with error recovery. 

5. Duplicate code may, under certain circumstances, be 
acceptable. [uplicate functions, however, should be 


eliminated. 
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6. Particular data structures should be isolated ina 
tinimum number of modules. This will facilitate 
module changes due to subseguent alterations in that 
data structure's specifications. 

7. j%Minimize the number of parameters passed tbketween 
modules. The goal is te pass only that data required 
by the module to accomplish its function. 

There are several important variations of the k|;asic 
structured design methodology. DeMarco [Ref. 12] profoses 
an apfroach that begins with the codification of the func- 
tional specification, or translating the prose specification 
into working fixed-fcrmat documents (data flow diagrams, 
data dictionary, transform descriptions, data structure 
enartt). This step cculd actually be considered "structured 
analysis". The next step is the derivation of the structure 
chart, a modular hierarchy chart which records major design 
decisions and philoscphy. Structure charts are reccmmended 
rather than flowcharts because flowcharts violate the pfrin- 
ciple of information hiding by exposing critical design 
decisions too early in the design process (for example, in 
what order and under what conditions functions are 
performed). Additionally, structure charts depict mcdule 
connections and calling parameters, are smaller in size and 
generally more manaceéeable. In the DeMarco version module 
design occurs next through construction of module descrip- 
tions. The final step 1S packaging the design, or shaping 
the lcgical design to accommodate the physical environment 
(machine, operating system, coding language, memory limita- 
tions, time restrictions). The key 1s to construct an 
environment-independent deSign first, maximizing coheSion 
and minigizing coupling, then impose packaging constraints 
so as to minimize degradation of product guality. An impor- 
tant structured design principle is to deiay packaging as 


long ag possible in crder to “hide" the significant nature 


67 


of the design problem, to include algorithms, data struc- 
tures and other transformations. 

Enforcement of structured design techniques’ should 
Significantly reduce the effort reguired for program modifi- 
cation and maintenance, if modules possess weak coupling and 
strong cohesion. Similarly, modules may be programmed, 
tested, and even optimized independently using these tech- 
nigues. Structured design should, aS a minimum, provide for 
"predictable" modules. These are modules which perform 
identically and consistently each time they are called, 
given identical inputs. Predictable modules also tend to 
perform independently of their environment. It is not 
clear, however, that strict adherence to structured design 
will ultimately result in a "library" of generalized, 
application-independent modules that may be easily config- 
ured to inplement any sophisticated, complex system. In the 
final analysis, structured design iS a method, not a method- 
Ology, and is to be used with other methods and tools to 


facilitate the design of programs. 
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APPENDIX B 
PROCESS MINI-SPECIFICATIONS 


2 Ok tok kro doko ko iit a gok dak dak kkk tok ki dk teak ak ake ok 
1.1 SCORING MODEL CONSTRUCTION 


Inputs; MODEL iD source: Nanhager 
GROUP Manager 
FACTOR ID Manager 
SUB_GRUOUP Process 1.2 
Sutputss MODEL STRUCTURE Lestination: MODEL STRUCTURE 
ite 
FACTOR_ID Process 1.2 


A. Identify FACTOR_If~s that relate to how well the 
_technology Peters: 
B. Eliminate overiays of ELEMENTs from the model that 
measure the Same or very Similar characteristics. 

D. For each FACTOR _ IC in the model 

is Do SUB_GROUP CRGANIZATION 

foe End For. 

G. Fer é€ach SUB _GROUF ID. ee 

i. If each SUB_GFCUP 1s of such an overriding nature that 
it mse be present or the sccre of the model equals 
ZeLO en 


I. Assign this SUB_GROUP to be the sole member of a GROJP 
Wie Assign this GROUP a GROUP_ID 
K. Assign a GFCUP_LEVEL = 0 
L. a Assign e@ GROUPLIYPE = "Override" 
se 
i If SUB_GROUF is desirable then . 
N. el ASsSign to a GROUP with GROUP_TYPE = "Desirable" 
se 
o. Assign to a GROUP with GROUP_TYPE = "Undesirable". 
se Gee fe 
Oe Eclat 


R. End For 


See FOr €ach GROUP 

ie If GROUP _ TYPE is not equal to “Override" then 
i Assign a GFECUP_ID. 

V. Assign a GFECUP_LEVEL = 1. 

We End. if 

iS End. For 


- Assign each GROUP a SU eas GROUP_WEIGHT. 
Ze Assign the model a MODEL_ID. 
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TABLE 8 


Process 1.1 Basis Paths 


Complexity Metric: 7 


aLGLgUrSx yz 
akbcdefgrsxyz 
akc£ghijklgqrsxyz 
abcf£ghmnpgrsxyz 
akcfghmopqrsxyz 
akcfighmopaqrstwxyz 
akcfghmopgqrstuvwxyz 


JOU WIA) 


face comets cesses sneer ARs A ES es Ry ee gry ee RD ee 


FOC GR rok kkk kk i kiko kok dak kkk ok kkk ok kok ok kk ok ke oe io oc ok ado ocak 2 
1.2 SUB_GROUP ORGANIZATION 


Inputs: FACTOR ID Source: Process 1.1 
SUB_GROUP_ID Manager 
SUBL GROUPRSWETGHA Manager 
FACTOR _WEIGHT Manager 
Outputs: SUB _GROUP Destination: Process 1.1 
FRCTOReeED Process 1.3 
A. Do ADLITION TO PACTOR File ; : 
BR. If FACTORS can be traded off against FACTORS in 
a SUB_GROUP then 
c Assign FACTOR tc that same SUB_GROUP. 
D. 7 Assign a FACTOR_WEIGHT | 
se 
E. Assign FACTOR as sole member of a new SUB_GROUP. 
F. Assign a FACTOR WEIGHT 
G. Assign a SUB_GFTUP_ID. 
is : shoo aon a subjective SUB_GROUP_WEIGHT. 
oe 
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Process 1.2 Basis Paths 


TABLE 9 


Complexity Metric: 2 


le accda 
2. akefghi 


ee ee — ee 


FO I I I RR dak kK kk a i ak kk aioke a a2 
1.3 ADDITION TO FACTOR FILE 


mputs: FACTOR iD Source: Process 1.2 
FACTOR Manager 


Outputs: FACTOR Destination: FACTOR File 


Check the FACTOR IC against the FACTOR File 
If it is not preSent then 
Get the FACTOR ID along with the FACTOR TYPE 
and CHARACTERISTIC from Manager 
If the FACTOR TYPE = "Objective" then 
- a the UNIIS and the FACTOR_LIMIT from Manager 


D 

HD 

FACTOR IMPACT of the FACTOR upon itself 

FACTOR IMPACT of the OUTSIDE_WORLD upon the FACTOR 

there are FACTORS which impact on this FACTOR then 

Provide the FACTOR IDs 

[To ADDITION TO FACTOR FILE 

If these impacting FACTOR IDs are not already 
sted tne PAGROR fs le sdselipacting on the 
object FACTCR then 

N. Get the subjective FACTOR_IMPACT 

:: Enea 


d 
ae lt 
t FA 
t FA 


HOG) 


n 
e 
S 
E 


e 


RM NBOHmOWoO OS 


— <= am ame em ee oc ee ee oe ee ee ee es ee ee ee se a es ee aes ee es ee ee ee ee eee ee ee eee eee eee ee 
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Cem ee —  S  S 


TABLE 10 


Process 1.3 Basis Paths 


Complexity Metric: 5 


1. akghijp 

2. akcde ship 
Bq abear cine 

y. sEghistkl@nop 
5. akghijklmop 


AK ee ee ee eK oe A Ke 2 I Ko i a a KK KK eK eK ok ok 


2Zel CULL, VALMDA TION 

inputs,  USER@senuGt SOUECC > eeuatlagers 
USEK SELEGR Process 6 
MODEL STRUCTURE Process 2.2 
FIRM SELECT Process 2.2 
VALIDATION Process 2.3 

OUTPUTS: FIRM SELECE Destination: Process 4 
FIRM~SELECT Process 6 
FERMSSELECT Process 2.2 
FACTOR_ID Processy > 

A. If a FACTOR ID is in the USER SSELeeE and CHOICE equals 
"Forecast" then 

Be Tt PACTORSID 1 pee ee in the FACTOR File then 

Cz DOeore wD. AUL LS 

De Do ENSURE SUFFICIENT DATA AVAILABLE 

ieee naan. 

Else 

a8 If a MODEL ID is in the USER SELE@T then 

G. Do SET DEFACLTS 

Sle If CHOICE = "Cross Impact" then 

ie VALIDATICN = "Not Valid" 

ie iypauel hie = 

Ke If VALIDATICN = "Valid" then 

Le Get the FACTOR oe from the MODEL_STRUCIURE 

Me For each FACTOR ID 

Ne Do ue SUFFICIENT DATA AVAILABLE 

©: End Fo 

Pe EnGvel tf. 

Cr Eid Tf. 

Re Bnd. 


U2 


TABLE 11 


Process 2.1 Basis Paths 


Complexity Metric: 7 





| ts. acer 
2. akcder 
Seager 
G. ee ae 
aie aoa) pgr 
6. afghjklmnopgr 
7. afghjklmorfgr 


SS —————SSSSES SE a eS OE Ee ee eee la ee ee ee ee 


ek RR OR KK RK BK KEK 
Pee DET DEFAULT VALUES 


meuts: USER SELECT Source: Process 2.1 
TODAYS DATE Calendar 
LODEL Stee TURE MODEL STRUCTURE File 
Srenuts; FIRM SELECT Destination: Process 2.1 
A. VALIDATION = "Valid" 
B. If IDENTIFICATION = MODEL_ID and MODEL_ID is not in the 
MODEL SSIRUCTURE Fale then 
Cc. VALIDATION = "Not Valid" 
Else 
a. Get TODAYS DATE 
he If BEGIN PERIOD = Null then 
hie BEGIN PERIOLC = TODAYS_DATE - 15yrs 
G. Eldest h. 
ie If END PERIOD = Null then 
i. END PERIOD = TODAYS_DATE + 15yrs 
o nee eis 
Ne If BEGIN PERIOD >= END_PERIOD then 
Ie Selection is not valid 
Me ENG ffs 
Nz Tf INTERVAL = Null then 
O. INTERVAL = tyr 
P. Bile ht. 
ce Tf CHOICE = "Mcnte Carlo" and ITERATIONS = Null then 
Re ITERATIONS = 100 
Ss pio) ies 
mr End If. 


—— a ae ee ee ee ese es ee ees ee ee ee eee eee ee eee eee eee eee eee ee eee eee eee eee eee eee eee eee oo 


a 


TABLE 12 
Process 2.2 Basis Paths 





sce 

akdeghjkmnpgqst 
akdefgh jkmnpqst 
akdeg aed 
ardeghjklmnpgst 
arbdeghj kmnopast 
akdeghjkmupgrst 


SAOIE Wh 


Complexity Metric: 7 | 
| 
| 


FO oo koko kk go kok kkk kok ok kokok kok kkk oko doko KK kok kok ak tok & 
2.3 ENSURE SUFFICIENT DATA NVACADLe 


Inputs: FIRM CSE ied Source: Process 2.1 
FACTOR FACTOR File 
FACTOR _ID Process 2.1 
Outputs: VALIDATION Destination: Process 2.1 
A. If CHCICE = "Monte Carlo" cre “Forecast sand at 


least three ELEMENT _ENTRYS with an 
ELEMENT ANALYSIS equal to “iistog@eal" 
are NOT present with DATE OF _ OBSERVATION 
between BEGIN _FERIOD and END PERIOD then 
RB. VALIDATION = "Not Valid" 
Ce. End tie 


TABLE 13 
Process 2.3 Basis Paths 





Complexity Metric: 2 


ae 
| 


Loom (oe SS, Ce ee, Oe eT ees ye 


Le 
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WK RR RK RR KKK RK RK RK RRR KR KK RR KAR KK REE RK 
0 ELEMENT ENTRY 


meputss FACTOR ID Sources Operator 

TATE OF OBSERVATION Operator 

ELEMENT SOURCE Operator 

FLEMENT VALUE Operator 

Peer Or SENTRY Calendar 

UNG tS FACTOR File 
Outputs: ELEMENT ENTRY Destination: FACTOR File 

ENTRY SCREEN Operator 


fee Lt De ID is in FACTOR File then 


z Cena A SCRE 
C. Enter DAT ~ CESERVE TION 
iP. Fnter OEEMENTO SCUREE 

Es Enter ELEMENT VALUE 
if ELEMENT ANALYSIS = "Historical" 
Ge Combine with DATE_OF ENTRY and store in FACTOR File 
H. End If 

TABLE 14 


Process 3.0 Basis Paths 


Complexity Metric: 2 


lle ab 
ye -accaetgh 


— 


a a 


i> 


SR RR to kk gk ok ok tk RK a ok otek 
4.1.1 LIMIT CHOICES 


Inputs; "fen Sheer source: Process 2 
MODEL STRUCTURE MODEL STRUCTURE File 
FACTOR [ia Min FACTOR File 
Outputs: BARE FACTOR VIEW Destination: Process 4.1.3 
BAFE FACTOR VIEW Process 4.1.2 
NGDEL STRUCTURE Process 4.1.2 
MODEL_STRUCTURE Process 4.1.4 
A. INTERVAL NUMBER = 0 
Bs (END Ce eA CE = BEGIN. PERIO 
C. While END INTERVAL (INTERVAL SO eee < END_PERIOD 
De INTERVAL NUMBER = INTERVAL NUMBER 
Ee BEGIN_INTERVAL(INTERVAL_NU = 
ENC Te eT Ey L_NUMBER - 1) 
Fe Seen N Bea = 
BEGIN _INTERVAL(INTERVAL_NUMBER) + INTERVAL 
G. End While. 
H. LAST_INTERVAL =, INTERVAL_NUOMBER 
of ales ee Eee 1S 1n FIRM SELECT and CHOICE = “Forecase) 
en 
Js For each FACTCR 1D 1n SueDE STRUGRU RE 
K. Do SCREEN FACTOR VALUES 
i End For. 
M. DO CALCULATE MODEL LIMIT 
N. INTERVAL NUMBER = 1 
: While INTERVAL NUMBER <= LAST_OBSERVED_ INTERVAL 
P. Do SCORING BODEL 
Q. INTERVAL_NUMBER = INTERVAL_NUMBER + 1 
Re End While. 
So wel DG) TEs 
TABLE 15 


Process 4.1.1 Basis Paths 


Complexity Metric: 5 


atcdefghis 
akcghis 
akcghijlmnors 
akcghijklmnors 
akcghijlmnopgrs 


inf 
ee 6h66é e s 6 


fei I i 
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ey. 2.t) CHECK FOR MOLEL LIMIT 


ipucsS: HODELSSTRUCTORE Source: Process 4.1.1 
PACTGR. LIMIT Process 4.1.1 

Outputs: MODEL_LIMIT Destination: Process 4.1.4 

Re For ¢ach FACTOR IL in MODEL STRUCTURE 

E. PeraclOR, LINLi°= Null then 

Cc. CDELLEEMLE = Nult 

D. End if. 

Ee, End ,FOr. 

F. EE SODEL LIMIT <> Null then 

G. Do CALCULATE MCDEL_ LIMIT 

fees End If: 


TABLE 16 
Process 4.1.2.1 Basis Paths 


Complexity Metric: 4 





| ee 


1. aefh 
2. akdefh 
3. akcdefh 
WY. akcdefgh 
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Yo 1. Zoe, BCALCULA TEaVODELwLINIt 


inputs: MODEDTS PRUCTUEE SOUrCe: PEO@eSsS sa. la2. | 
PACTOR Siw wt Process 4.1.2.1 


QUEDUTS = ODE te eerie s Destination: Process 4.1.4 


FOr rach GRUUL 
If GROUP _LEVEL = 1 
For each SUB_GROUP Kec 
Sum the value of the FACTOR LIMITs multiplied 
by the FACTOR WEIGHTS Of each FACTOR ID 
eee y this sum Dy the SUB GROUP WEIGHT 
eI this as the SUB_GROUP VALUE 


Multiply the SUB_GROUP_VALUEsS together 
toe the SUB GROUP VALUE by the 
GROUP_ WEIGHT 
Remember this as the GROUP VALUE 
BY) ieee 
Ce uor. 
If there are 2 groups with a GROUP_LEVEL = 1 then 
DIVIDE THE GROUP_VALUE of the GROUP which has a 
GROUP TYPE = "Desirable" Dy the GROUP_VALUE 
of the GROUP which has GROUP_TYPE equal to 
"Undesirabie" 
: aon te this number as MODEL _LIMIT 
n 


For each GROUP 
If GROUP_LEVE 
GROUP VALU 
eee ne 
er t 


mem HoOOME Ut 
ee ¢@ 6 
ted 
| 
Au 
iy 
O 
ry 


= 
° 


il 0 

E = FACTOR LIMIT * GROUP WEIGHT 

he GROUP VALUE times the MODEL LIMIT 
his result as the MODEL LIMIT 


KkRenem 
Bree rf. 
End FOr. 


SGM ano WO 
6 


TABLE 17 
Process 4.1.2.2 Basis Paths 


ne 


Complexity Metric: 7 


almpqw 

almpqrvw 
ackkimpqw 
almpgrstuvw 

acc ee 
akcdefghijkimpgqw 
almnopqw 


JONI GIN) 


[Ey ey en ee ye 


— 


Se me ee 5 ce er ee eee 
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4.1.3 SCREEN FACTOR VALUES 


Inputs: EARE FACTOR VIEW Source: Process 4.1.1 
FLEMENT_ VALUE FACTOR File 
Outputs: FACTOR VIEW Destination: Process 4.1.4 

FACTOR VIEW Process 4.3 


A. For each INTERVAL KUMBER 

Bs CATE OF OBSERVATION is greater than or equal 
to BEGIN _INTERVAL(INTE VALTNUOMpER and less 
than END INTERVAL(INTERVAL NUMBER) then 

e., TOTAL = TOTAL + ELEMENT VALUE 

De OBSERVED = CESERVED + 1 

‘ LAST_OBSERVEP_INTERVAL = INTERVAL_NUMBER 

F. End If. 

G. AVG_VALUE = TOTAL / OBSERVED 





| TABLE 18 

| Process 4.1.3 Basis Paths | 

Complexity Metric: 3 | 

lie aki qh | 
Zea 

3. akcdefgh | 

| 

J 


ad 


JOR GRO RIOR gai gn ROR I ROR RO Rio 2k 3k Rk ok i of ke tok ok ke ok 
4.1.4.1 SCORING MODEL 


Inputs: Poe LIMIT SOUECeG: PEGG@eSSuae ia 
MODELeS TRUGCTURE Process 4.1.1 
FACTOR VIEW Process 4.1.3 
MODELUSEORE Process 4.1.4.2 
Outputs: MODEL STRUCTURE Destination: Process 4.1.4.2 
AVG_VALUE Process 4.1.4.2 
MODEL_VIEW Process 4.3 
A. INTERVAL NUMBER = 1 
B. While INTERVAL NUMBER <= LAST_OBSERVED_INTERVAL 
e. GCOD_INTERVAL = 1. 
De Fer @€ach FACTCFE_ID in nodel 
E. If OBSERVED = QO then 
F. GOOD_INTERVAL = 0 
G. Ena ee 
He ENG LOE. 
I. If GOOD INTERVAL = 1 then 
J. Do CALCULATE MODEL _SCORE 
K. OBSERVE = 1 
Else 
Is OBSERVE 0 
Cie NCDEL_ SCORE = 0 
N. EN G@e ee 
Go INTERVAL NUMBER = INTERVAL_NUMBER + 1 
P. End While 
¢.- Combine data into MODEL VIEW 
Rm ae apie rea ee Seo a 
TABLE 19 
Process 4.1.4.1 Basis Paths | 
Complexity Metric: 5 | 
ecm 
De sEedhilmnopgq 
ve Boe de eon | 
4. abcdefghilmnopg | 
oe ee deen | 
a ee a a a 
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feete+o2 CAICULATE MCLEL SCORE 


mipwess MODEL STRUCTURE Sources Process 4.1] 
AVG_VALUE 


a 
Process 4.1.4. 


1 
Outputs: MCDEL SCORE Destination: Process 4.1.4.1 


=e een ee ee Pee ee eee ee ee eee ee ee eee eee eee eee eee eee eee eee eee eee eee ee ee eee 


A. For Each GROUP 


B. If GROUP_LEVEL = 1 

Cc. For each SUE GROUP : 

D. Sum the value of the AVG_VALUES ea by 

the FACTOR_WEIGHT of each FACTOR ID 

Es ae this Sum by the SUB _GROUP WEIGHT 

ie Remember this as the SUB_GROUP_VALUE 

G. EDGar ot 

H. Multiply the SUB_GROUP_VALUES together 

aud Multiply tke SUB~GROUP VALUE by the 

GROUP_WEIGHT 

Jie Remember €his as the GROUP_VALUE 

Ise Eclat. 

fee End FOr. 

Me. If there are 2 grcups with a GROUP_LEVEL = 1 then 

N. DIVIDE THE GRCUP_VALUE of the GROUP which has a 
GROUP TYPE = "Desirable" ay the GROUP_VALUE 
of the GROUP which has GROOP_TYPE equal to 
"Undesirable" 

Q. Remember this number as MODEL_SCORE 

P. End If 

@.- For each GROUP 

fe If GROUP LEVEL = 0 

S. GROUP_VALUE = AVG_VALUE * GROUP WEIGHT 

a. Multiply the GROUP_VALUE times the MODEL_SCORE 

U. Remember this result as the MODEL_SCORE 

Vee ol ae 

Meee End For. 


TABLE 20 . 


Process 4.1.4.2 Basis Paths 


| 
| 
: : { 
eomplexity Metric: 7 | 
1. almpqw 
2. akkimpqw 
ae acc eed 
4. akcdefghijkinegw 
i 5. almnopqw | 
6. almpgrivw 
7. almpgrstuvw 
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Yo 3S lee ENT TER ee Pe UNGCTrONS 


Inputs: MODEL VIEW Source: Process 4.1 
FACTOR_VIEW Process 4.1 

Outputs; DATA POINTS Destination: Process 4.3.1.3 
AVG VALUE Process 4.3.1.2 
END INTERVAL Process 4.3.1.2 
CURVE Process 4.3.1.2 
LEME. Process 4.3.1.2 


—— a eee ee eee ee eee eee eee ee ee 


A. I£ FACTOR LIMIT = Null then 
B. PICK = Set [°* lanear*|'*Log'’ |* DowbRes toa 


lse 
G PICK = Set A eee et eee Te eo ae 
De LIMIT = FACTOR LIMI 

EE nC eee 

shea ce 3 = FIRST'LAST of set PICK 


0 

: GCUN TT aa 

lee While COUNT <= LAST OBSERVED_INTERVAL 
ee If OBSERVE (COUNT) > O then 
he I=I+ 

Le Do CURVE FUNCTION 

M. End I 

N. COUNT = COUNT + 1 
Oz End While. 

P. CATA POINTS = [I 
e° Do CALCULATE REGRESSION 

‘ End For 
Se Lo SELECT -GURVE 


ae. 
| 
| 
| 


Process 4.3.1.1 Basis Paths 


Complexity Metric: 5 


le anerus 

2. acdefrs 

3. akbefghiopgrs 

4. abefghijmnopgrs 
5. abefghijklmnopgrs 


| 
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4.3.1.2 CALCULATE CURVE FUNCTIONS 


iputs: LIMIT Seurce: Process 4.3.1.1 
AVG_VALUE Process 4.3.1.1 
END INTERVAL Process 4.3.1.1 
CURVE Process 4.3.1.1 
Outputs: DEPENDENT Destination: Process 4.3.1.3 
INDEPENDENT Process 4.3.1.3 
A. Choose from the_fcllowing: 
CURVE = Pearl 
Ele DEPENDENT = LOG (LIMIT / AVG_VALUE - 1) 
C. INDEPENDENT = END_ INTERVAL 
CURVE = Gon pees 
De DEPENDEN 1OG (LOG oe / AVG_VALUE ) ) 
i INDEPENDENT = END_INTERVAL 
CURVE = Linear 
eg DEPENDENT = AVG VALUE 
Ge INDEPENDENT = END_INTERVAL 
CURVE = Logarithmic ~ 
Mk DEPENDENT = LOG Pe VALUE) 
ilies INDEPENDENT = INTERVAL 
CURVE = Double _ Io qarithnic 
a DEPENDENT = LO AVG ne 
Ke INDEPENDENT = LO (ENDS INT RVAL) 
L. End Choice. 
J : 
TABLE 22 | 
Process 4.3.1.4 Basis Paths | 
| Complexity Metric: 5 | 
fe. accl 
2. adel 
ee aig) | 
4. ahil { 
| Se. ajkl 
| 


aa 


eK He he eae ee ae ce cae ae ee eae ee ak ae 


SRO RO RG koko katate ak ato Sakai ok oak ofeae ok 


4.3.1.3 CABCULATE REGHEMeer ON 

Inputs: DEPENDENT Source: Process 4.3.1.1 
CATA POINTS Process 4.3.1.1 
INDEPENDENT Process 4.3.1.1 
LAST OBSERVED INTERVAL Process 4.3.1.1 

Outputs; REGRESS ANALYSIS Destination: Process 4.3.2 
REGRESS” ANALYSIS Process 4.3.3 
REGRESS ANALYSIS Process 4.3.4 
REGRESS ANALYSIS Process 4.3.5 
REGRESS ANALYSIS Process 4.3.6 

A. Define Function R(Z A B Z 

Be) -FOr i-= 1 to [uAsie SERVED_ INTERVAL 

C; P = P + DEPENDENT 

Di C= Q +t (eae *x 72) 

Ee R = R + INDEPENDENT 

FE. Soest (aE NDEPENDENT ** 2 

G. U = U + (DEPENDENT * INDEPENDENT) 

He Endy for. 

I. S11 = DATA POINTS ®* S =- RWME 2 

Je. M2 = R / DATA POINTS 

K. B= (DATA POINTS ¥ JU - ae * ey SA 

L. A= (P - B * R) / DATA 

M. V= E * SOR (S1 / (DATES POINTS * QO - DP ** 2)) 

Ne. For I = 1 to DATA POINTS 

Gre N(I) = Fn R can DEPENDENT) 

Ee O(Ij) = DEPENDENT - N(T) 

QO. End For. 

Rie For I = 1 to DATA POINTS 

S. Ol = Ol 470 (t) a2 

Te EnGe nol. 

U. O02 = O1 eo ECINTS — =) 

Vow Os = Ck ot at 

We Bl = Kook Ae ea Feb oe vec) 7  SOReCom 

X. VARIATE = 0.688 fer a 50% confidence interval 

Ye. Forecast CURVE with highest correlation factor => V 


i 


Complexity Metric: 4 


TABLE 23 
Process 4.3.1.3 Basis Paths 





akhijklongrtuvwx 

STH aR UGA jk lmngrtuvwxy 
abhijkimnopyrtuvwxy 
SEhi ykimngeetuvexy 


o> OONoo 


— 


Se ce SS ae ce ce ee ce ee a i ee ee ee es eee ee 
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4.3.2 PEARL CURVE FORECAST 





Myputs: VARIATE Source: Process 4.3.1 
IDENTIFIER Process 4.3.1 
REGRESSSeANALYSIS Process 4.3.1 
FACTOR VIEW Process 4.3.1 
MODEL_VIEW Process 4.3.1 

Outputs: EXPANDED MODEL VIEW Destination: Manager 

EXPANDED FACTOR VIEW Manager 
EXPANDED FACTOR VIEW Process 4.3.1 

A. Define Function R(Z) = A+B * Z 

Be. Define Function P(Z) = LIMIT / (1 + EXP({Z)) 

Cs Define Function F(Z) = 03 * SOQR(1 + 1 

(DATA POINTS + (DATA POINTS 
carmen * 27/51) ) 

D. Print "A = *3;EXP (A) 

Pee rcant ‘B= *;-B oe 

ee rant ‘Correlation Coefficient =';CORRELATION 
G. Print ‘Standard Error of B ='sBtl 
H. INTERVAL = 1 
- While INTERVAL <= LAST_OBSERVED_INTERVAL 
J. ESTIMATE = Function es Function R({ END_INTERVAL) ) ) 
K. UPPER = ESTIMATE + i NEITATE 
* Function F({ END INTERVAL) ) 
ie TOWER = ESTIMATE = VARIATE 
* Function ( END_INTERVAL) ) 

M. INTERVAL = INTERVAL + 1 

N. End While. 

Cree NTERVAL = LAST CESERVED_ INTERVAL + 1 

P. While INTERVAL <= LAST_INTERVAL_NUMBER 

Os ESTIMATE = Function i Purccvonsh{ END INTERVAL) ) ) 

: UPPER = ESTIMATE + A AR 
x Punctelon ( END INTERVAL) ) 
So. LOWER = ESTIMATE = i V 
ce runNGceloner ( END INTERVAL) =) 
hs INTERVAL = INTERVAL + 1 
UeeeeEnd While. 


TABLE 24 
Process 4.3.2 Basis Paths 


Complexity Metric: 3 
1 
2 
3 





: See eee 
- arcdefghijk meee 
- akcdefghinopgrstu 
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“323 GCMPERTZ CURVE PORECAST 





Inputs: VARIATE Source: Process 4.3.1 
LP ENE IER Process 4.3.1 
REGRESS. ANALYSES Process 4.3.1 
FACTOR VIEW Process 4.3.1 
MODEL Vi Ea Process 4.3.1 
Outputs: EXPANDED MNOGLEL VIEW Destination: Manager 
EXPANDED~ FACTOR _VIEW Manager 
EXPANDED FACTCR_ VIEW Process 4.3.1 
A. Define Function K(Z) = A + B * Z 
Be. Define Function G({Z) = LIMIT * EXP(-EXP(Z)) 
Cc. Define Function F(Z) = 03 * a aie rl 7 
(DATA POINTS + ae POINTS 
* (ZZ - = NZ) eek OZ ee 


De eee = ieee) 

ie EE. = B 

Fe. Prant corr eteecaen Coefficient _=';CORRELATION 
G. Print *Standard Error of Ke Bi 


INTERVAL = 
I. Whale INTERVAL <= LAST_OBSERVED_INTERVAL 
J. ESlIMAD Er Unee Tone O puper Lon R( END_INTERVAL) ) ) 
Ke UPPER = ESTIMATE + AE 
> fue ee JEND ATH TERVAL) ) 
Ie LCWER = EOL Tina iy TATE 
+n pon ( END _INTERVAL) ) 
Mr INTERVAL = INTERVAL + 1 
Ne. End While 
C. INTERVAL = LAST OBSERVED INTERVAL + 1 
P. While INTERVAL <= LAST INTERVAL NUMBER 
Q. ESTIMATE = Function G( Function R( END_INTERVA&AL) ) } 
Ieee UFPER = ESTIMATE + A VARIATE 
* Function ( END INTERVAL) ) 
Se LOWER = bist inAtE — VARIATE 
* Function F( END INTERV Aine) 
His INTERVAL = INTERVAL + 1 
Us. Enda Whale. 
TABLE 25 | 
Process 4.3.3 Basis Paths | 
| Complexity Metric: 3 | 
| 1. akcdefghino P { 
2. aktcdefghijk pHope 
| 3. akcdefghinopqrs | 
| | 
SS SS eee ee ae J 





86 


eR RR RR RK RK KKK KK RRR ERR KKK RK KK RRR EEK EEK 
4.324 LINEAR CURVE FORECAST 


Inputs: Vea Source: Process 4.3.1 
IDENT Pee Process 4.3.1 
REGRESS_ ANALYSIS Process 4.3.1 
FACTOR VIEW Process 4.3.1 
MODEL_VIEW Process 4.3.1 
Outputs: EXPANDED MODEL VIEW Destination: Manager 
EXPANDED FACTOR _ VIEW hanader 
EXPANDED FACTCR VIEW Process 4.3.1 


em mee cr eee eee eee ee eee ee ee 


A. Define Function E (23 
Fo Lefine Function F + / 
f(D ATA SP OLNITS 
PZ) a7) 
Ga Print ‘Intercept = SA 
Dee Print "Slope = ‘';E 
F. Print 'Correlaticn Coefficient =';CORRELATION 
Gee Print Bo ceucare Error of Slope =":B 
G. INTERVAL = 
Eee NHILF INTERVAL —s on Sh Obs ent oD iNT EA Y AL 


iis ESTIMATE = eo are END Toi ) 
J. UPPER = eae = AR 
unction (. END TH TERVAL) ) 

Kee LOWER = ESTIMATE = Le IATE 

* Function F ( END _INTERVAL) ) 
ie INTERVAL = INTERVAL +t 
tee End While. 
Ne. INTERVAL = LAST CE au oe INTERVAL + 1 
O. While interval <= LAST INTERVAL NUMBER 
P. woe Lear eE = Pe netion= R( END INTERVAL) ) 
O- UEPERe—=elelinAte + ARIATE 

* ne oe ( END INTERVAL) ) 
ee LOWER = ESTIMA 4 VARIATE 

* Punetion ( END INTERVAL) ) 
Si INTERVAL = INTERVAL + 1 


in End While. 


-—— SP ee ee es es es ee es ee ee ee ee ee es ee es ee ee ee ee ee ee ee ee ee es ee ee ee eee eee eee eee ee oe 


Sl CC pa | 
TABLE 26 


| Process 4.3.4 Basis Paths | 
| Sempre lexity Metric: 3 | 
| We akcdeftghmnot 

Ze ace@ergn: jk ilmnct 
| 3. akcdefghmnopgrst ; 
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Heo) SECGVCUR VER PORE Chat 


Inputs: VARIATE Source: Process 4.3.1 
IDENTIFIER Process 4.3.1 
REGRESS ANALYSIS Process 4.3.1 
FACTOR VIEW Process 4.3.1 
MODEL VIEW Process 4.3.1 
Gutpires: Senet MODEL VIEW Destination: Manager 
XPANDED FACTOR VIEW Manager 
EXPAN DED~FACTOR-VIEW Process 4.3.1 
A. LCefine Function R(Z) = A + B * Z 
B. Define Function F(Z) = 03 * eens + 1 / 
(DATA_POINTS + We POINTS 
; * Ae = Zee eee |) 
Frint "Constant Term = '3;EXpP (A) 


Ge 

D. Frint ‘Growth Rate = ';B 
E. Eprints! Corretlation Coefficient =';CORRELATION 
F. Print ‘Standard Frror of Growth Rate ="sB1 
G. INTERVAL = 1 

H. While INTERVAL <= LAST OBSERVED INTERVAL 

ie ESTIMATE = EXP({ Function a END_INTERVAL) ) ) 
ae UFPER = ESTIMATE +t f VARIATE 


* Function ea eS ) 


ire LCWER = Sia Tees A 

* Function F ( naan “INTERVAL) ) 
Le INTERVAL = INTERVAL + 1 
M. End While, 
Ne. ENTERVAL =_LAST OPSERVED MRE RY Aba 
C. While INTERVAL <= LAST_INTERVAL NUMBER 
P. ESTIMATE = EXP( Function R END _INTERVAL) ) ) 
Os UPPER = ESTIMATE + VARIA 

* Function ( gine TLTERVAL) ) 
R. LCWER = ESTIMATES ed 

* Function F {( ERD. “IN TERVAL) ) 
Se INTERVAL = INTERVAL + 1 
1. 2nd aa lez 

TABLE 27 


Process 4.3.5 Basis Paths 


Complexity Metric: 3 
1 
Z 
8 





(es actin GE pe 


- akcdefghmnot 
- abkcdefghijkimnct 
- akcdefghmnopgqrst 
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4.3.6 DOUBLE_LOG CURVE FORECAST 


Inputs: VARIATE Sources Process 4.3.1 
IDENTIFIER Process 4.3.1 
REGRESS ANALYSIS Process 4.3.1 
FACTOR VIEW Process 4.3.1 
MODEL_VIEW Process 4.3.1 


Outputs: EXPANDED MOLEL VI 
EXPA 


| 


Complexity Metric: 3 


EW Destination: Manager 
NDED_ FACTOR VIEW Manager 
EXPANDED FACTICR VIEW Process 4.3.1 


Define Function E {2 = A #4B * 2 

Define Function F(Z) = 03 * eae + 1 / 
(DATA POINTS + (DATA POINTS 
ee = M252) 7 SIG 


Pie 1 yt Constant. = ";EXP (A) 
Print ‘Power = iE 
Print "Correlaticn Coefficient =";s CORRELATION 
Print "Standard Error of Power =';B1 
INTERVAL = 1 
While INTERVAL <= LAST SP ERE INTERVAL 
ESTIMATE = ae Function meet END_INTERVAL) ) ) ) 
UPPER = ESTIMATE + : VARIA 
* putt en ue ee "ANTERVAL) ) 
LOWER = ESTIA Aa 
_Fun Bein ( nea “IN TERVAL) ) 
INTERVAL = INTERVAL + 1 


End While. 
INTERVAL = LAST hE INTERVAL + 1 
While INTERVAL <= ST INTERVAL NUMBER 
ESTIMATE = ERE | Poneeson aa LOG ( END_INTERVAL) ) ) ) 
UPPER = ESTIMATE + s VARIA 
* Function F( END INTERVAL) ) 
LOWER = eae = VARILATE 


unction F( END_INTERVAL) ) 
INTERVAL = INTERVAL + 1 
End While. 


TABLE 28 
Process 4.3.6 Basis Paths 


1. akbcdefghmnot 
ac akcdefghijkimnct 


akcdefghmnopgqrst 


fap creme een Cate comes EE een scrttene aemmaeA SAPD ayecen ao-cupn, OE capes 
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FOCI CIO ICICI OR RIOR I a tk kk tt RR ORR COR a ake ato ak 
4.4.1 MCNTE CARLO 


Inputs: PRateserres Source: Process 4.1 
EXPANDED FACTCR_VIEW Process 4.3 
MODEL VIEW Process 4.1 
NODE as ERUe MWh Process 4.1 
HODELESCORE Process 4.4.2 
Cutputs: MONTECARLO FCRECAST Destination: Manager 
MOCDEL SS DRUG Dukes Process 4.4.2 
AVG_VALUE Process 4.4.2 


he For each FACTOR ILC in MODEL STRUCTURE 

BE. Do CURVE FUNCTION 

CG. End For 

D. INTERVAL NUMBER = 1 

Ee While INTERVAL NUMBER <= LAST _OBSERVED_INTERVAL 
i Do CALCULATE MODE TS@SCORE 

G. AVG VALUE = Bon CAG ate aoa 

fe Do CALCULATE MODEL SCORE 

ne ESTIMATE (MODEL ID) = MCDEL_SCORE 

Os INTERVAL NUMBER = INTERVAL NUMBER + 1 
Kee Print using OPSER VIED DATA FORMAT 


Ne End While. 
Me While INTERVAL NUMBER <= LAST oye NUMBER 


Ne AVG VALUE = ESTIMATE io Gee 
OQ. Do CALCULATE NGDEE > 

P. ESTIMATE (400212 MODEL SCORE 

QO. AVG_VALUE = UPFER(FACTOR_ID) 

: Do CALCULATE MCDEL SCORE 

Se UPPER(MODEL_ IL) = MODEL SCORE 
‘Le AVG VALUE = LOWER (FACTOR ID) 

we Do SR aoe Beve SCORE 
V. LOWER (MODEL f£ MODE Ee SGGRE 

We Piste using BS IMATED DATA_ FORMAT 

ee COUNT = 1 

x2 While COUNT <= ITERATIONS 

Le For each FACTOR ID in MODEL STRUCTURE 
A AVG_VALUE = {(UPPER(FACTOR ID 

- LOWER(FACTOR ID) 
* RANDOM NUMBER) + LOWER(FACTOR_ID) 

Ei End 2h On - 

Cie Do CALCULATE MODEL SCORE 

De FREQUENCY (INTERVAL NUMBER, COUNT) = ODEL SCORe 
a CCUNT = COUNT + 1 
ie. End While. 

Gt... INTERVAL NUMBER = INTERVAL NUMBER + 1 
Hie Print Frequency Distribution 

I'*. End while. 


—_en rw ee ee a ee eee eee ee ee ee ee ee eee ee eee ee ee eee eee eee eee eo es 
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TABLE 29 
Process 4.4.1 Basis Paths 





Ccmplexity Metric: 6 


acdelmi' 

akcdelmi' 

acdefghijklimi' : 
acdelmnopgqrstuvwxyfig'hti' 
acdelmnopqrstuvywxyzb'c'dtetf£'gthtit. 
acdelmnopgrstuvwxyza'b'c'dtetF'gth'i' 


pee ee 
Ocnd= Who 


- 


Jk Rk kkk koko dokokokokokokok kok ook kkk ko gk koko kkk kok kok kok dk ok oko fk koko kok ok ok 
H.4.2 CALCULATE MODEI_ SCORE 


inputs; MODEL STRUCTURE Source: Process 4.4.1 
AVG_VALUE Process 4.4.1 


Outputs: MODEL _SCORE Destination: Process 4.4.1 


P< ee es es ee ce eee 


Ae Fer Each GROUP 


B. If GROUP LEVEL = 1 
OF For each SUE GROUP 
D. Sum the value of the AVG VALUES pee by 
the FACTOR WEIGHTs for each FACTOR ID 
E. eed this Sum by the SUB_GROUP WEIGHT 
ng Remember this as the SUB_GROUP_VALUE 
G. ENG rt Ox 
Hig Multiply the SUB _GROUP VALUES together 
ile relat. the SUB _GROUP_VALUE by the 
GROUP WEIGHT 
J. Remember this as the GROUP_VALUE 
Ke PE nGaee 


ieeeeend For. 4 
M. If there are 2 grcups with a GROUP _ LEVEL = 1 then 


N. DIVIDE THE GRCUP VALUE of the GROUP which has a 
GROUP_TYPE = "Desirable" oe the GROUP_VALUE 
of the GROUP which has GROUP_TYPE equal to 
"Undesiralkle" 

O. Remember this number as MODEL_SCORE 

Eee End If 

o For each GROUP 

RB. If GROUP LEVEL = 0 

Dis GROUP VAL = AVG VALUE * GROUP WEIGHT 


Ba 
Ur 
is Multiply the GROUP_VALUE times the MODEL_SCORE 
U. Remember this resuIt as the MODEL_SCORE 

ee Ends iis 

ee End For. 
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TABLE 30 


Process 4.4.2 Basis Paths 


Corplexity Metric: 7 


1. almpqw 
2. akklmpgw 
| 3 ee eae 
UY. akcdefghijkimeqw 
5S. almnopgw 
6. almpgrivw 
{ 7. almpygrstuvw 


ae 


| 
| 
| 


se a ee ee 


Soo igo ok do gk gkoiggkggigk gk gk doko kkk gga kgiokokg dick gokogk dc dk fk ak kok dak ook ok 


Se | CROSS I MPACR 


Inputs: SLAC TORS ED Source: 
IMPACT FACTOES 
FACTOR SiMe AGEs 

Gutputs? CROSS] TMP A eran At eex 
GCROSSmINP Re istATh as 

A. Identify the FACTCK ID to okserve 

B. Get list of IMPACT FACTORS 

C. N1 = Number of IMEFACT FACTORS 

D. For OBJECT = ELRST'1AsST Of setvon 

Es Get list of IMEFACT FACTOKRsS for 


ee For IMPACT = FIRST LAST iereser 
G. If the IMPACT FACTOR is not 


IMPACT FACTORS 
each OBJECT 

of IMPACT FACTORS 
listed in the WORK 


File as an IMPACT FACTOR on the OBJECT 


he 
Else 
Tie CROSS _.IMNFACT MATRIX ( OBJECT, IMPACT } 
CTOR IMPACT 
Se End If 
Ke End For. 
De IMPACT = OUTSIDE WORLD 
M. CROSS_IMPACT_ MATRIX ( OBJECT, IMPACT ) = 
N. End For. 


S72 


then 
CROSS EN PACT MATRIX (905d ECL ei Le Aeirs) 


0 


WORLD _ IMPACT 


em a i en ee i ee me 


TABLE 31 


Process 5.1 Basis Paths 


Complexity Metric: 4 


- atrcdn 

2. akcdefklon 

3. akcdefgijklmna 
4. abtcdefghjklon 


Se cern Seintn CANES MD gettas, Sates Oteine SEERA ees ammenities 





He RK RRR RR RK KE KR RK RK RK RK RRR REE KK KEKE KR KKK KK KK K 
5-2 CALCULATE IMPACT 


Emputs: CROSS IMPACT MATRIX Source: Process 5.1 


INITIAL VALUE Manager 
Outputs: RELATIVE TIME Destination: Manager 
VALUE Manager 


Roepe RELATIVE TIME = 0 
B. For CBJECT= Bee Rees of set of IMPACT FACTORS & 
i 


‘ITLAL VALUE 
D. VALUE(OBJECT) = INITIAL VALUE 


End For 
ii. TIME INTERVAL = 0.001 


G. For RELATIVE TIMEF= 1 to 1000 
H. For IMPACT = FIRST'LAST of set of IMPACT FACTORs 
i, NEGATIVE(IMPACT) = DESIRABLE (IMPACT) |= 
a For OBJECT= FIRST'LAST of set of IMPACT FACTORs & 
OUTSIDE WORLD 
K. NEGATIVE (IMPACT) = NEGATIVE (IMPACT 
+ ( (ABS (CRO S_IMPACT MATRIX (IMPACT, OBJECT) )) 
~ CRCSS IMPACT MATRIX (IMPACT,OBJECT) ) 
* VALUE OBJECT) 
ie DESIRABLE(IMNPACT) = DESIRABLE (IMPACT T) 
t ( (AES CROSS IMPACT MATRIX (IMPACT,OBJECT)) ) 
+ CROSS IMPACT MATRIX (IMPACT, OBJECT) ) 
* VALUE(OBJECTY) 
M: Ena EOL. 
N. E (IMPACT) = (1 + TIME INTERVAL * 760-5) 
* NEGATIVE IM BAC T)) 7 
(1 + TIME INTERVA (0.5) 
* DESTRABLE (IMPACT) ) 
OF Fnd For. 
P. For IMPACT = FIRST'LAST of set of IMPACT FACTORS 
op VALUE (IMPACT) = VALUE(IMPACT) ** E(IMPACT) 
R. if VALOR (IME cr) <= 1.0 ** (-70) then 
S. VALUE(IMEACT) = 0 
a EViG@eer. 
ae End FOr. 
V. End For 


— <a> > ok ck A se ee ee ee ee ee eee ee ee ee ees eee ese es es ee ee ee es ee ee eee ee ee ee es ees eee eee 


me ia ea ee i 


Process 5.2 Basis Paths 


Comuplexaty Metric: 7 


akefgv 

abcdefgv 
akefghopuv 
eee 
akef Pieianonaee puv 
akteghijmnopgrstuv 
Some mnonceend 


| 


THOT WI 
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| nn a 


fo kiki kok koko ko iok kok kokiokok kkk koko doko kokokokokok ak kak kkk kok ok tok oe ak 
6 MODEL CHANGE 


Inputs: INITIAL VALUE Source: Process 5 
FACTOR_VIEW Process 4 
NODE > LRUeCTURE Process 4 
CROSS" IMPACT MATRIX Process 5 
Pele Speer Process 2 
GROUP WEIGHT Manager 
SUB GROUP WEIGHT Manager 
FACTOR WEIGHT Manager 
FACTOR Limit fanhagels 
HObEL 1D Manager 

Outputs: MCDEL STRUCTURE Destination: Proc + 
MOD Ries T RUC TURE nODEL_ STRUCTURE 
FACTOR VIEW Process 4 
CROSS IMPACT MATRIX Process 5 
INITIAL VALUE Process 5 

A. Get FIRM SELECT 

Meee Li IDENTIFIER is a MODEL ID and CHANGE = "Model" then 

er. Change one of the folIowing variables 

D. ROUP ee 

E. SUB GROUP WEIGHT} 

F. FACTOR WEIGHT} 

oa End If 

Ho if CHANGE = Shee tole then 

i For each FACTOR ID 

Ue Change PACTCR LIMIT if desired 

K Eric Om 

toe end If 

Me. If CHANGE = "Selection" then 

N. Change one of the following variables 

o: CHOLECE 

Z WINDOW 

Q INTERVAL 

He End Change. 

Eeeeeeond If. 
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TABLE 33 
Precess 6 Basis Paths 
Complexity Metric: 5 


akghlms 


in4= WN) 
e660 ee 6¢.6@ 
mW 
ty’ 
Vek elite) 
= 
4 
A 
j}~ 
si 
8 
YN 
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aeons od 


APPENDIX C 
DATA DICTIONARY 


A. DATA FLOW COMPOSITIONS 


FACTOR ID 

(PACTOR_LINIT) 
INDOW 

INTERVAL 
{INTERVAL NUMBER 


BEGIN INTERVAL 
END INTERVAL} 


BARE_ FACTOR VIEW 


slag 


FARE_MODEL_VIEW 


ro ht =e SS 
Hitt O 


Bross LMEACT MATRIX 


1 
com bry 
m™ ie PdWOHSeH eo 


WW Pe AtyezHzOo 


Hiro | 
Oar Bees, 


ELEMENT_ENTRY = 


aD 
Harty ety 


FACTOR ID 
(EACTOR_ LIMIT) 

TNDOW 
INTERVAL 
LAST OBSERVED INTERVAL 
LAST INTERVAL NUMBER 
{INTERVAL NUMBER 

BEGIN INTERVAL 

END INTERVAL 


EXPANLTED_ FACTOR_VIEW 


meee 
V 


LOWER 
OBSERVED} 


oi, 


ED_INTERVAL 
NUMBER 


laa f lan 
AW ANHEHENe mM 


ADOZHNNARZORDHIM 
OFHAaAct thHimas~ © 
SHAY 
iN 

3 

fr) 

1H 

—= 

| 

J 

fry 

Q 

©) 

= 

| 

fs) 

jx] 

C4 

Zz, 

v0 

Ay 

bd 

fq 


) 


UL sEatHy 
cet Or hs 


FACTOR 


FACTOR Sip 


FACTOH_VIEW 


FACTOR LIMIT) 
INDOW 
E 
A 
U 
R 
A 


: 


Wt 
fm = a 
a © O 
Mt te 
fk, 41 <Oe 
bf Fy CE 
BOUROMmA 
marin Omr 
HOW 2ZHH 
CT et Hate 
HUPTrFeH~ 
NW 
e 
O 
12] 
4 
fz} 
2 
| 
Poi 
law 
kK 
Ir 


IDj FACTOR_ID ] 


[ MODEL 


DEN TIF TER 


ore 


MODEL STRUCTURE 


EL LIMIT) 
RV AL 
T OBSERVED INTERVAL 
INTERVAL 
{INTERVAL NUMBER 


Lip 
BEGIN INTERVAL 


END INTERVAL 
MODEL SCORE 
OBSERVE} 


MODEL_VIEW 


OG 
© 
OG 
me 

Os fx O 

bq I 

tH AH 

bey YY OG et 

ei KG 

F4 fx fam 52) 

m= > +4 a 0G 

Raga <0 

AD ee HOMNS: 

HUP>PMAnNUO EW 

i 

uv) 

eH 

uv) 

4 

~) 

r= 0) 

a 

ra 

| 

uv) 

Wu) 

fx 

OG 

c) 

4 

ew 


WEIGHT} 


2 Den 


CE 


SUB~GROUP WEIGHT 
FACTOR ID 
FACTOR 


SUB_GROUP_ID 
ie 


SUB_GROUP 


ERWALY | 


DOW 
ERV 


USER_ SELECT 


E 
ag 


WINDOW 


Be. DATA ELEMENT DESCRIPTIONS 


A 


AVG_VALUE 


BEGIN _INTERVAL 


BEGIN. FEKIOD 


CHARACTERDTS TIC 


CHOEEGE 


CORRELIATICN 


type is digits 7 
* Temporary variable in 


regression calculation * 


type 1S digits 7 
* Average of all data elements in 
a defined interval * 


First defined in 4.0 


type is FLOAT 
* Temporary variable in 


regression calculation * 


type is range 0..100_000 
* Julian date representation of 
the date of the beginning of an 


interval. Base year is 1900 * 


type is range 0..100_000 
* Julian date representation of 
the date of the beginning of 


a period. Base year is 1900 * 


type is (Endogenous, Exogenous) 
* Identifies whether a FACTOR is 


Within users control or not * 


type is (Forecast, Monte-Carlo, 
Cross- Matrix) 

* Identify whether to run a 
forecast model or the cross- 


1Mpact simulation * 


type is digits 7 range 0.0..1.0 
* This is the R ** 2 result of 


regression analysis * 


100 


CURVE 


DATE _OF_ ENTRY 


DATE_OF OBSERVATION 


ELEMENT ANALYSIS 


ELEMENT SOURCE 


ELEMENT VALUE 


END INTERVAL 


END_PERICD 


BOLIMATE 


type is (Pearl, Gompertz, Linear, 
Log, Double-Log) 
* Selection of curve function to 


utilize * 


type is range 0..100_000 
* Julian date ELEMENT ENTRY is 


placed in the data base * 


type is range 0..100_000 
* Julian date ELEMENT ENTRY's 
ELEMENT VALUE is observed * 


type 1s (Historical, Estimate) 
* Indicator of whether data is 
Observed or a DSS generated 


Estinate * 


type is STRING (1..80) 
* Source of data for 
ELEMENT ENTRY * 


type is digits 7 
* Value of ELEMENT ENTRY * 


type 1s range 0..100_000 
* Julian date representation of 
the date of the ending of an 


interval. Base year is 1900 * 


type is range 0..100 000 
* Julian date representation of 
the date of the ending cf 


a period. Base year is 1900 * 


type is digits 7 
* An ELEMENT VALUE generated by 
the DSS * 


FACTCR_ID ="EEype 1s STRENGHIeeon 
* Unique name of a FACTOR in tke 
format *F.XXXXXxXxXxkxk. TITITICGe 
The "F.* indicates it is a 
FACTOR_ID, the '*X' is for the 
hame within a technology, the 


'T' is for the technology * 


FACTOR_IMPACT = Jtype isso GRmGt lacu) 
* The FACTOR ID of a FACTOR whgen 
has an impact on the key 
FACTOR * 


FACTOR Lia T = type is digits 7 
* Highest value which an ELEMENT_ 
VALUE may ever be. Could be a 
null value if there is no 
Leute as 
FACTORS TYEE = type is (Subjective, Objective) 
* Indicator of whether a FACTOR 


1s a subjective or objective 


value * 


FACTCR_WEIGHT = type 1s delta 0.1 range 0.Cso io 
* a subjective weighting of a 


FACTORS impact ina model * 


GROUP_ID = ty ples asi S PameNG quer. |) 
* Unigue name of a GROUP in the 
EOrmat *G. KAKRXKAKAXXLTITILTIT oe 
The 'G.' indicates it 1S a 
GrOur. DD mt heomme@unis Hormt he 
name within a technology, the 


'T' is for the technology * 
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GROUP_LEVEL 


GROUP_TYPE 


GROUP_WEIGHT 


IMPACT_ FACTOR 


INTERVAL 


INTERVAL_NUMBER 


ITERATIONS 


type iS range 0..1 
* Indicator of which GROUPS act 
upon other GROUPS. Low numcters 


act on high numbers * 


type is (Desirable,Undesirable) 
* Indicator of whether a GROUP is 
a desirable value or an 


undesirable value * 


tyrewssaelta 0.1 range 0.0..1.0 
* a subjective weighting of a 


GROUPS impact ina model * 


type is delta 0.1 range 0.0..1.0 
* Subjective value of the impact 


of one FACTOR upon another * 


type is range 1..100_000 

* Length of each interval over 
which to average data values 
for forecasting as measured in 


days * 


type is range 1..400 
* Number of intervals in the 
WINDOW defined by the user * 


type is range 1..500 
* Number of types to execute 


Monte Carlo simulation * 


10 


LAST_INTERVAL_NUM3ER 


LAST CRSERVED_INTERVAL 


LOWER 


MODEL_ID 


iz 


CBSERVED 


OUTSIDE WORLD 


C3 


type is Lange 1..400 
* Last INTERVAL_NUMBER in WINDOW 


defined by the user * 


type is range 1..400 
* Last interval which contains 


data which 1s Historical * 


type is digits 7 

* The lower value of the 
confidence limit for an 
interval in regression 


a dey odes 


LYpe LS sSIRPNG( 12. 21) 

* Unique name of a 
MODEL STRUCTURE inmene 
Eormat ‘M.XXXXXXXXXX.TIITTT Tee 
The 'M.* indicates it is a 
MODEL EDO thes Xi sS eroreene 
name within a technology, the 


'T' is for the technology 


type is digits 7 
* Temporary variable in 


regression calculation * 


type is range 0..1000 
* Number of ELEMENT VALUES in an 
INTERVAL * 


type is delta 0-1 range 0.0. - 120 
* Subjective impact of world upon 
a FACTORs*= 


type is digits / 
* Temporary variable in 


regression calculation * 
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Roca LIVE TIMk 


STANDAFD ERROR 


SUB_GROUP_ID 


SUB_GROUP_WEIGHT 


Si 


Un TS 


Evpews cpange 0.. 1000 
* An counter of relative time 
periods in the Cross Impact 


Analysis * 


type 1s digits 7 

* The standard error of the 
estimate of the dependent 
variable in the regression 


analysis * 


type 1S STRING(1..21) 

* Unique name of a SUB_GROUP in 
Omit © Se KKK AKKAAK RX le Peed 1s 
Thea Oo. (eEenaitecates 11S a 
SUB_GROUP_ ID, the 'X* is fer 
name within a technology, the 


oer Ommrine =teecnno logy az 


type 1s delta 0.7 range 0.0..1.0 
* a subjective weighting cf a 
SUB_GROUPS impact in a model * 


type 1s digits 7 
* Temporary variable in 


regression calculation * 


type TSe SeRENG 1.5 20) 
* Units of measure for 
ELEMENT VALUES * 
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UPPER = type is digits 7 
* The upper value of the 
confidence limit for an 
interval in regression 


analysis * 


VALIDATICN = type is (Valid, Not-Valid) 
* Tndicator of whether a 
USER SELECT is acceptable * 


VARIATE = type is delta 0.001 
range UL0002. 1.000 
* Value to determine the 
confidence interval in 


analysis * 
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